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CERTIFICATION 


Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the 
factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na- 
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities 
of other International Standards Organization members. 


WARRANTY 


This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year 
from date of shipment [,except that in the case of certain components listed in Section I of this manual, the warranty 
shall be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either 
repair or replace products which prove to be defective. 


For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall 
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer 
shall pay all shipping charges, duties, and taxes for products returned to -hp- from another country. 


Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute its 
programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the 
operation of the instrument, or software, or firmware will be uninterrupted or error free. 


LIMITATION OF WARRANTY 
The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, 
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental 
specifications for the product, or improper site preparation or maintenance. 
NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY 
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE. 
EXCLUSIVE REMEDIES 
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT- 
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE- 
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY. 
ASSISTANCE 


Product maintenance agreements and other customer assistance agreements are available 
for Hewlett-Packard products. 


For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. 
Addresses are provided at the back of this manual. 
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Kip HEWLETT 
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SAFETY SUMMARY 


The following general safety precautions must be observed during all phases of operation, service, and repair of this 
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates 
safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no 
liability for the customer's failure to comply with these requirements. This is a Safety Class 1 instrument. 


GROUND THE INSTRUMENT 


To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec- 
trical ground. The instrument is equipped with a three-conductor ac power cable. The power 
cable must either be plugged into an approved three-contact electrical outlet or used with a 
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the 
power cable meet International Electrotechnical Commission (IEC) safety standards. 


DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 


Do not operate the instrument in the presence of flammable gases or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. 


KEEP AWAY FROM LIVE CIRCUITS 


Operating personnel must not reinove instrument covers. Component replacement and internal 
adjustments must be made by qualified maintenance personnel. Do not replace components 
with power cable connected. Under certain conditions, dangerous voltages may exist even with 
the power cable removed. To avoid injuries, always disconnect power and discharge circuits 
before touching them. 


DO NOT SERVICE OR ADJUST ALONE 


Do not attempt internal service or adjustment unless another person, capable of rendering first 
aid and resuscitation, is present. 


DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 


Because of the danger of introducing additional hazards, do not install substitute parts or per- 
form any unauthorized modification to the instrument. Return the instrument to a Hewlett- 
Packard Sales and Service Office for service and repair to ensure that safety features are main- 
tained. 


DANGEROUS PROCEDURE WARNINGS 


Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed. 


Dangerous voltages, capable of causing death, are present in this instrument. Use ex- 
treme caution when handling, testing, and adjusting. 


SAFETY SYMBOLS 


General Definitions of Safety Symbols Used On Equipment or In Manuals. 


Instruction manual symbol: the product will be marked with this 
symbol when it is necessary for the user to refer to the instruction 
manual in order to protect against damage to the instrument. 


Indicates dangerous voltage (terminals fed from the interior by 
voltage exceeding 1000 volts must be so marked). 


Protective conductor terminal. For protection against electrical 
shock in case of a fault. Used with field wiring terminals to in- 
dicate the terminal which must be connected to ground before 
operating equipment. 


Low-noise or noiseless, clean ground (earth) terminal. Used for a 
signal common, as well as providing protection against electrical 
shock in case of a fault. A terminal marked with this symbol must 
be connected to ground in the manner described in the installation 
(operating) manual, and before operating the equipment. 


Frame or chassis terminal. A connection to the frame (chassis) of 
the equipment which normally includes all exposed metal struc- 
tures. 


Alternating current (power line). 
Direct current (power line). 


Alternating or direct current (power line). 


The WARNING sign denotes a hazard. It calls attention to a pro- 
cedure, practice, condition or the like, which, if not correctly per- 
formed or adhered to, could result in injury or death to personnel. 


The CAUTION sign denotes a hazard. It calls attention to an 
operating procedure, practice, condition or the like, which,if not 
correctly performed or adhered to, could result in damage to or 
destruction of part or all of the product. 


The NOTE sign denotes important information. It calls attention 
to procedure, practice, condition or the like, which is essential to 
highlight. 
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SECTION | 
GENERAL INFORMATION 


1-1. INTRODUCTION. 


1-2. The Operating and Service Manual contains infor- 
mation required to install, operate, test, adjust, and serv- 
ice the Hewlett-Packard Model 3325A Synthesizer/Func- 
tion Generator. The Operating Manual supplement is a 
copy of the first three sections of the Operating and Serv- 
ice Manual, plus the Operational Verification procedures 
from Section IV. The supplement should be kept with 
the instrument for use by the operator. The part num- 
bers of both the Operating and Service Manual and the 
Operating Manual supplement are shown on the title 
pages. 


1-3. Also shown on the title page of this manual is a 
Microfiche part number. This number can be used to 
order 4 xX 6 inch transparencies of the Operating and 
Service Manual. Each Microfiche contains up to 96 
photo-duplicates of the manual pages. The Microfiche 
package includes the latest Manual Changes supplement 
as well as pertinent Service Notes. 


1-4. Additional copies of the Operating and Service 
Manual, Operating Information Supplement, or Service 
Notes can be ordered through your nearest Hewlett- 
Packard Sales and Service Office. (A list of these offices 
is provided at the end of this manual.) 


1-5. INSTRUMENT DESCRIPTION. 
1-6. The Model 3325A Synthesizer/Function Generator 


produces the following signals at a minimum frequency 
of 1 wHz and maximum frequency of: 


Sine wave 20 MHz 
Square wave 10 MHz 
Triangle 10 kHz 
Positive slope ramp 10 kHz 
Negative slope ramp 10 kHz 


Frequency may be selected with up to eleven digits of 
resolution. Output amplitude is 1 mV to 10 V peak-to- 
peak. The output level may also be selected or displayed 
in V rms or in dBm (50 ohms). Any function may be dc 
offset up to +4.5 V, or the output may be dc only up to 
+5 V. An optional high voltage output produces up to 
40 V p-p into =>500 ohms load. 


1-7. Frequency sweep of all functions is provided in 
linear or log sweep; at sweep times of 10 milliseconds to 
99.99 seconds for linear sweep. Maximum time for log 
sweep is 99.99 seconds and minimum time is 2 seconds 
for single log sweep and 0.1 second for continuous log 
sweep. Single linear sweep may be up or down, while 
continuous sweep is up/down/up, etc., in the linear 
mode and up/up, etc., in log mode. 


1-8. The Model 3325A is fully programmable through 
the rear panel Hewlett-Packard Interface Bus (HP-IB) 
connector. A device such as a programmable calculator 
is capable of remotely controlling the 3325A. Interface 
information is given in Section II of this manual, and 
programming information is in Section III. 


1-9. SPECIFICATIONS. 


1-10. Instrument specifications are listed in Table 1-1. 
These specifications are the performance standards or 
limits against which the instrument is tested. Any 
changes in specifications due to manufacturing, design 
or traceability to the U.S. National Bureau of Standards 
are included in Table 1-1 of this manual and/or the 
Manual Changes Supplement. 


1-11. SUPPLEMENTAL OPERATING INFORMATION. 


1-12. Table 1-2 contains information describing general 
operating characteristics of the 3325A. This informa- 
tion is supplemental operating information and is not to 
be considered as specifications. 


1-13. REMOTE CONTROL. 


1-14. Table 1-3 lists the HP-IB interface capabilities of 
the Model 3325A in conformity with IEEE Standard 
488-1978, ‘‘Standard Digital Interface for Programmable 
Instrumentation’’. HP-IB response times are given in 
Table 1-4. 


1-15. OPTIONS. 


1-16. The following options extend the frequency 
stability and output amplitude capabilities of the Model 
3325A: 


Option 001 
Option 002 


High Stability Frequency Reference 
High Voltage Output 


The following options indicate the line voltage to which 
the instrument was set at the factory: 


Option 100 Nominal 100 V ac 
Option 120 Nominal 120 V ac 
Option 220 Nominal 220 V ac 
Option 240 Nominal 240 V ac 
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Table 1-1. Specifications. 


FUNCTIONS AND FREQUENCIES 
Sine Wave: 
Signal Output (Front or Rear Panel): 
0.000 001 Hz to 20 999 999.999 Hz 
Auxiliary Output (Rear Panel): 
21 000 000.000 Hz to 60 999 999.999 Hz 
Underrange to 19 000 000.001 Hz 
Square Wave: 0.000 001 Hz to 10 999 999.999 Hz 
Triangle: 0.000 001 Hz to 10 999.999 999 Hz 


Positive and Negative Slope Ramp: 
0.000 001 Hz to 10 999.999 999 Hz 


FREQUENCY RESOLUTION 


1 wHz for frequencies below 100 kHz 
1 mHz for frequencies 100 kHz and higher 


FREQUENCY ACCURACY (Standard Instrument) 
+5 x 10° of selected value (20° to 30°C) 
FREQUENCY STABILITY (Standard Instrument) 
+5 x 10° per year (20° to 30°C) 
SIGNAL CHARACTERISTICS 
Sine Wave: 


Harmonic Distortion relative to the amplitude of the 
fundamental frequency at full output on each range 


Fundamental No Harmonic 
Frequency Greater Than 
0.1 Hz to 50 kHz —65 dB 
50 kHz to 200 kHz —60 dB 
200 kHz to 2 MHz —40 dB 
2 MHz to 15 MHz —30 dB 
15 MHz to 20 MHz —25 dB 


Spurious: All non-harmonically related output signals will 
be more than 70dB below the carrier (-60dB with DC off- 
set), or less than -90dBm, whichever is greater. 


Phase Noise: = -60dB (Option 001 Only) for a 30kHz 
band centered on a 2OMHz carrier (excluding + 1Hz 
about the carrier). 


Square Wave: 
Rise/Fall Time: < 20 nanoseconds, 10% to 90% at full 
output 


Symmetry: < .02% of period + 3 nanoseconds 
Overshoot: < 5% of peak to peak amplitude at full output 
Triangle: 
Linearity, 10% to 90%, best fit straight line: 
+ 0.05% of full p-p output for each range 
Ramps (Positive or Negative Slope): 
Linearity, 10% to 90%, best fit straight line: + 0.05% 
of full p-p output for each range 
Retrace Time: < 3 microseconds, 90% to 10% 


Ramp Period Variation: < + 1% of period, maximum 


AMPLITUDE 
Amplitude Accuracy with no Attenuation (Attenuator r 
range 1) into 50 ohm Load. (No D.C. offset) 


Tolerance relative to 
programmed amplitude 


Function and 
frequency range 


Sine Wave 
.001 Hz to 100 kHz + 0.1 dB 
Square Wave 
+ 1.0% 


.001 Hz to 100 kHz 
= 1.596 
+ 5% 


+ 1.5% 
+ 10% 


Triangle 
.001 Hz to 2 kHz 
2 kHz to 10 kHz 


Ramps 
.001 Hz to 500 Hz 
500 Hz to 10 kHz 


Tolerance relative to 
(Attenuator Range 1) into programmed amplitude at 
a 50 Ohm load 1 kHz 

Sine Wave 


100 kHz to 20 MHz + 0.3 dB 
Square Wave 
100 kHz to 10 MHz + 10% 


Tolerance relative to 
programmed amplitude. 


Flatness with no attenuation 


Amplitude accuracy with 
D.C. offset and no 
attenuation (Range 1) into 
a 50 ohm load. 


Sine Wave 

.001 Hz to 100 kHz + 0.3 dB 
Square 

.001 Hz to 100 kHz + 3% 


Triangle 
.001 Hz to 2 kHz 
2 kHz to 10 kHz 


Ramps 
.001 Hz to 500 Hz 
500 Hz to 10 kHz 


Tolerance relative to 
programmed amplitude. 


Attenuator Accuracy (these 
errors are additive with the 
amplitude accuracy errors) 


.001 Hz to 20 kHz 
Attenuator Range 1 


.001 Hz to 100 kHz 
Attenuator ranges 
2 through 8 


100 kHz to 10 MHz 
Attenuator ranges 
2 through 8 


10 MHz to 20 MHz 

Attenuator ranges 
2 through 4 

Attenuator ranges 
5 through 8 
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Table 1-1. Specifications (Cont'd). 


Accuracy of DC Offset (into 50 ohms): 


DC Only (No AC Function): + 0.4% of full peak out- 
put for each range* 


*Except lowest attenuator range where accuracy is + 
20 pV. 


DC + AC, <1 MHz: +1.2%, Ramps +2.4% 


DC + AC, >1 MHz: +3% 
AMPLITUDE MODULATION (of Sine Function only) 


Modulation Envelope Distortion: — 30 dB to 80% modula- 
tion at 1 kHz, O V dc Offset 


PHASE OFFSET 


Range: +719.9° with respect to arbitrary starting 
phase, or assigned zero phase 


Resolution: 0.1° 

Stability: + 1° phase/°C 

Increment Accuracy: +0.2° 
PHASE MODULATION 


Linearity (Sine Function): +0.5%, best fit straight line 


SYNC OUTPUT 


Output Levels into 50 ohms: 
Square wave with Vhigh 2+ 1.2V,V,. = + 0.2V 


X DRIVE OUTPUT 


Amplitude: O to +10 V dc linear ramp proportional to 
sweep frequency (sweep up only) 


Linearity, 10% to 90%, best fit straight line: 
+0.1% of final value. Specified for all linear sweep 


widths which are integral multiples of the minimum 
sweep width for each function and sweep time. 


OPTION 001 
HIGH STABILITY FREQUENCY REFERENCE 


Ambient Stability: +5 x 10°8 (0° to 55°C referenced to 
+ 30°C) 


Aging Rate: +5 x 10°8 per week (after 72 hours 
continuous operation) 
+1 x 107 per month (after 15 days 
continuous operation) 


OPTION 002 
HIGH VOLTAGE OUTPUT 


Frequency Range: 
Sine and Square Wave: 1 »Hz to 1 MHz 
Triangle and Ramps: 1 »Hz to 10 kHz 


Amplitude: 
Range: 4mVp-p to 40Vp-p (= 50002, < 500pF load) 
maximum output current, + 40mA 


Accuracy (at 2 kHz): +2% of full output for each 
range 


Flatness: + 10% of programmed amplitude 


DC Offset: 
Range: 4 times the range of the standard instrument 


Accuracy: +(1% +25 mV) of full output for each 
range 


Signal Characteristics: 
Sine Wave Harmonic Distortion (relative to the fun- 
damental frequency at full output into >500 ohms, 
< 500 pF) 


No Harmonic 
Greater Than 


Fundamental 
Frequency 


10 Hz to 50 kHz 
50 kHz to 200 kHz 
200 kHz to 1 MHz 


Square Wave: 


Rise/Fall Time: < 125 nanoseconds, 10% to 90% at 
full output with = 500 ohm, < 500pF load 


Overshoot: <10% of peak amplitude with =>500 
ohm, <500 pF load 


Table 1-2 Supplemental Information 


MAIN SIGNAL OUTPUT 
50 2 Impedance 


BNC Connector, switchable to front or rear panel (not 
switchable with Option 002) 


May be floated a maximum of +42 V peak (ac + dc) 
from chassis (earth) ground 


Amplitude Ranges: 
All AC Functions (with no dc offset): 


Attenuation Amplitude 
Factor (Peak-to-Peak) 


10.00 V to 3.000 V 
2.999 V to 1.000 V 
999.9 mV to 300.0 mV 


30 299.9 mV to 100.0 mV 
100 99.99 mV to 30.00 mV 
300 29.99 mV to 10.00 mV 

1000 9.999 mV to 3.000 mV 
3000 2.999 mV to 1.000 mV 


DC Offset Only: 
Attenuation 


Amplitude 
(Peak-to-Peak) 


5.000 V to 1.500 V 
1.499 V to 500.0 mV 
499.9 mV to 150.0 mV 
149.9 mV to 50.00 mV 
49.99 mV to 15.00 mV 
14.99 mV to 5.000 mV 
4.999 mV to 1.500 mV 
1.499 mV to 1.000 mV 


ANOoRWN— 
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Table 1-2. Supplemental Information (Cont'd). 


AC Function with DC Offset: 


Maximum DC 
(+ or -) 


Attenuation AC Function 
Factor Amplitude (p-p) 


1.000 mV 
0.100 mV 
0.100 mV 
0.010 mV 
0.010 mV 
0.001 mV 
0.001 mV 


9.998 V to 1.000 V 
999.9 mV to 333.4 mV 
333.3 mV to 100.0 mV 
99.99 mV to 33.34 mV 
33.33 mV to 10.00 mV 
9.999 mV to 3.334 mV 
3.333 mV to 1.000 mV 


1.000 mV to 4.500 V 
1.166 V to 1.499 V 
333.3 mV to 450.0 mV 
116.6 mV to 149.9 mV 
33.33 mV to 45.00 mV 
11.66 mV to 14.99 mV 
3.333 mV to 4.500 mV 


High Voltage Output Option 002: 
Amplitude and Ranges: 4 times the standard instru- 
ment amplitudes 


Output Impedance: <2 2 at DC to <102 at 1 MHz 


Square Wave Settling Time: <1 us to settle to within 
.05% of final value for frequencies of 10 Hz to 500 kHz, 
tested at full output with no load 


FREQUENCY SWEEP 


Sweep Time: 
Linear Sweep: 0.01 second to 99.99 seconds (single 


or continuous) 


Log Sweep: 
Single Sweep: 2 seconds to 99.99 seconds 
Continuous Sweep: 0.1 second to 99.99 seconds 


Maximum Sweep Width: 1 Hz to maximum frequency of 
the function selected 


Minimum Sweep Width (Linear): 


Minimum Sweep Width 


Sweep Time 
99.99 seconds 


Sweep Time 


Function 0.01 second 


999.9 mHz 
499.5 mHz 
49.95 mHz 
99.99 mHz 


Sine 0.1 mHz 

Square 0.05 mHz 
Triangle 0.005 mHz 
Ramps 0.01 mHz 


Minimum Sweep Width (Log): 1 decade 


Phase Continuity: Sweep is phase continuous over the 
full frequency range 


WARMUP TIME 


Standard Instrument: 20 minutes to within specified ac- 
curacy 


Option 001 High Stability Frequency Reference: 
Reference will be within +1 x 10° of final value 15 
minutes after turn-on at 25°C for an off time of less 
than 24 hours 


AUXILIARY INPUTS (May be floated a maximum of +42 V peak [ac + dc] 
from chassis [earth] ground) 


Reference: For phase-locking the 3325A to an external 
frequency reference of 10 MHz or a subharmonic of 
10 MHz down to 1 MHz. Level must be O dBm to 
+20 dBm into 50 ohms. Rear panel BNC connector. 


Amplitude Modulation Input (Sine Function Only): 


Modulation depth at full output for each range: 
0 to 100% 


Modulation frequency range: DC to 500 kHz (0 to 
21 MHz carrier frequency) 


Sensitivity: 5 V peak for 100% modulation 
Input Impedance: 10 kQ 
Connector: Rear panel BNC 


Phase Modulation: 
Modulation Frequency Range: DC to 5 kHz 


Modulation Depth 


Depth (+ or —) 


Function 


Sine 

Square 

Triangle 

Ramps 
Input Impedance: 20 kQ 
Connector: Rear panel BNC 


AUXILIARY OUTPUTS (May be floated a maximum of +42 V peak [ac + dc] 
from chassis [earth] ground) 


Auxiliary Frequency Output (ac coupled output): 


Frequency Range: 21 MHz to 60.999 999 999 MHz, 
with underrange coverage to 19.000 000 001 MHz 


Amplitude: 0 dBm 
Output Impedance: 50 ohms 
Connector: Rear panel BNC 


1 MHz Reference Output (for phase-locking other in- 
struments to 3325A): 


Amplitude: 0 dBm 

Output Impedance: 50 ohms 

Connector: Rear panel BNC 
Marker Output (Linear sweep only): 


Levels: High to Low TTL compatible voltage transition 
at selected marker frequency, sweep up only. 


Connector: Rear panel BNC 
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X Drive Output (Sweep up only): 
Amplitude: O to + 10 V linear ramp proportional to 
sweep frequency 


Connector: Rear panel BNC 


Z Blank Output: 
Levels (TTL compatible voltage levels): 
Linear Sweep: 
Single: Low at start of sweep, High at stop. Re- 
mains High until start of next sweep. 


Continuous: Low during sweep up, High during 
sweep down. 


Log Sweep: 
Single: Low at start of sweep, High at stop. Re- 
mains High until start of next sweep. 


Continuous: Low during sweep. Goes High 
momentarily at stop frequency. 


10 MHz Oven Reference Output, Option 001, for phase 
locking the 3325A to the optional high stability frequency 
reference: 


Amplitude: O dBm, 50 ohms 


Connector: Rear panel BNC. Must be connected to 
the rear panel EXT REF IN connector. 


REMOTE CONTROL 


Hewlett-Packard Interface Bus (HP-IB) Control: (HP-IB is 
Hewlett-Packard Company’s implementation of IEEE Stan- 
dard 488-1978). Time shown is in addition to programming 
time. 


The following accessory options are also available for 
the Model 3325A: 


Option 907 Front Handle Assembly 

Option 908 Rack Mount Flange Kit 

Option 909 Rack Mount Flange Kit/Front 
Handle Assembly 

Option 910 Additional Operating and Service 


Manual 


1-17. ACCESSORIES SUPPLIED. 


1-18. A special connector is supplied with the High 
Stability Frequency Reference Option 001 for connect- 
ing the rear panel Reference Output to the Reference In- 
put. This connector is Part No. 1250-1499. 


Frequency Switching and Settling Time: * 
<10 ms to within 1 Hz of final value for 100 kHz span 
<25 ms to within 1 Hz of final value for 1 MHz span 
<70 ms to within 1 Hz of final value for 20 MHz span 
Phase Switching and Settling Time: * 
< 15 ms to within 90° of phase lock for 20 MHz fre- 


quency change 


Amplitude Switching Time: * 
<30 ms to within amplitude specifications 


*Times shown are in addition to programming time 
GENERAL 
Operating Environment: 
Temperature: 0° to 55°C 
Relative Humidity: <95%, O° to 40°C 
Altitude: < 15,000 ft. 


Storage Temperature: —50° to +75°C 
Storage Altitude: < 50,000 ft. 


Power Requirements: 


100/120/220/240V + 5%,-10%,48 to 66 Hz 
60 VA, 100 VA with all options, 10 VA standby 


Dimensions in millimeters and (inches): 


132.6 (5%) high x 425.5 (16%) wide x 497.8 
(19-5/8) deep 


Weight in kilograms and (Ibs): 


Net weight: 9(20) 
Shipping Weight: 14.5 (32) 


1-19. ACCESSORIES AVAILABLE. 


1-20. The following accessories are available for use 
with the Model 3325A: 


Number Description 


11048C 50 ohm Feedthru Termination 

11356A Ground Isolator 

03325-80001 Oven Board Assy. (Converts 3325A to 
Option 001) 

03325-80002 High Voltage Option (Converts 3325A 
to Option 002) 

5061-0077 Rack Mount Flange Kit (Option 908) 

5061-0083 Rack Mount Flange/Front Handle Kit 
(Option 909) 

5061-0089 Front Handle Kit (Option 907) 
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1-21. INSTRUMENT AND MANUAL IDENTIFICATION. 


1-22. The instrument serial number is located on the 
rear panel. Hewlett-Packard uses a two-section serial 
number consisting of a four-digit prefix and a five-digit 
suffix. A letter between the prefix and suffix identifies 
the country in which the instrument was manufactured 
(A=USA, G=West Germany, J=Japan, U= United 
Kingdom). All correspondence with Hewlett-Packard 
concerning this instrument should include the complete 
serial number. 


1-23. The serial number prefix is the same for all iden- 
tical instruments and changes only when a change is 
made to the instrument. The suffix is assigned sequen- 
tially and is different for each instrument. If the serial 
number of your instrument is lower than the serial 
number on the title page of this manual, refer to Section 
VII, MANUAL CHANGES, for the information that 
will adapt this manual to your instrument. This is 
especially important if the serial prefix of your instru- 
ment is different than the one shown on the title page of 
this manual. An instrument manufactured after the 
printing of this manual may differ in some respect from 
the information in this manual. In this case, a yellow 
Manual Changes supplement included with the manual 
explains how to adapt the manual to your instrument. 


1-24. SAFETY CONSIDERATIONS. 


1-25. To ensure safe operation and to retain the instru- 
ment in a safe condition, this Operating and Service 
Manual contains information, cautions and warnings 
which must be adhered to by the user or service person- 
nel. 
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Table 1-3. HP-IB Interface Capability. 


Source handshake capability 

Acceptor handshake capability 

Basic talker; Serial poll; Unaddressed to talk 
if addressed to listen 

Basic listener; Listen only; Unaddressed to 
listen if addressed to talk 

Service Request capability 

Remote/Local capability 

No parallel poll capability 

Device Clear capability 

No device trigger capability 

No controller capability 
Open collector bus drivers 


1-26. The symbol 7 aapesine on the front or rear 
panel of the 3325A is an international symbol meaning 
“‘refer to the Operating and Service Manual’’. The sym- 
bol identifies important instructions required to prevent 
damage to the instrument. To ensure the safety of the 
operating and maintenance personnel and retain the 
safe operating condition of the instrument, these in- 
structions must be adhered to. 


1-27. RECOMMENDED TEST EQUIPMENT. 


1-28. Equipment required to maintain the Model 3325A 
is listed in Table 1-5. Other equipment can be 
substituted if it meets or exceeds the critical specifica- 
tions listed in the table. 


Model 3325A 


Table 1-4. HP-IB Response Times. 


Device 
Time 


Input Data 
Function Mnemonic Transfer Time 
FU 


Function (Waveform) 


450-500 ps 


1 Digit 225-250 us 
Frequency FR 450-500 us 7.0 ms 
<11 Digits + Decimal 225-250 us each 2.8 ms each 
Delimiters HZ, KH, or MH 450-500 us 12.5 ms 
Amplitude AM 450-500 us 6.8 ms 
<4 Digits + Decimal 225-250 us each 2.8 ms each 
Delimiters VO or MV 450-500 us 90 ms 
VR or MR 450-500 us 130 ms 
DB 450-500 us 250 ms 
DC Offset OF 450-500 us 6.8 ms 
<4 Digits + Decimal 225-250 us each 2.8 ms each 
Delimiters VO or MV 450-500 us 82 ms 
Phase PH 450-500 us 5 ms 
<4 Digits + Decimal 225-250 us each 2.8 ms each 
Delimiter DE 450-500 us 28 ms 
Sweep Start Frequency ST 450-500 us 7.0 ms 
<11 Digits + Decimal 225-250 us each 2.8 ms each 
Delimiters HZ, KH, or MH 450-500 us 10.3 ms 
= 
Sweep Stop Frequency SP 450-500 us 7.0 ms 
< 11 Digits + Decimal 225-250 us each 2.8 ms each 
Delimiters HZ, KH or MH 450-500 us 10.3 ms 
Sweep Marker Frequency MF 450-500 us 7.0 ms 
= 11 Digits + Decimal 225-250 us each 2.8 ms each 
Delimiters HZ, KH or MH 450-500 us 10.3 ms 
Sweep Time aL 450-500 us 5.5 ms 
<4 Digits + Decimal 225-250 us each 2.8 ms each 


Delimiter 


Start Continuous Sweep 


Interrogate 


(Add Parameter 
Mnemonic Time) 


Mask Service Request 
High Voltage Output 
Rear/Front Output 
Self Test 

Sweep Mode 

Data Transfer Mode 
Interrogate Function 
Interrogate Error 
Universal Commands 
Amplitude Modulation 


Phase Modulation 


Ss 450-500 us 7.0 ms 


E 
re | 880-800, | 1700 me _| 
sc 


none 


mv 
5 
i 
a 


48 ms 


44.5 ms 


10,000 ms 


4.5 ms 
4.5 ms 
1603 ms 


11.5 ms 


7.0 ms 


7.0 ms 


General Information 


Output Data 
Transfer Time 


1600 ms 450-500 ps 
2.8 ms 225-250 us 


450-500 us 
225-250 us each 
450-500 us 


450-500 us 
225-250 us each 
450-500 us 
450-500 us 
450-500 us 


450-500 us 
225-250 us each 
450-500 us 


450-500 us 
225-250 us each 
450-500 us 


450-500 us 
225-250 us each 
450-500 us 


450-500 us 
225-250 us each 
450-500 us 


450-500 us 
225-250 us each 
450-500 us 


450-500 us 
225-250 us each 
450-500 us 
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Oscilloscope 


Electronic Counter 


Digital Voltmeter 


50-ohm Load 


High Frequency 
Spectrum Analyzer 


Low Frequency 
Spectrum Analyzer 


Sine Wave Signal Source 


1 MHz Low Pass Filter 


15 kHz Noise Equivalent 
Filter 


Table 1-5. Recommended Test Equipment. 


Critical Specifications 


Vertical 

Bandwidth: dc to 100 MHz 
Deflection: 0.01 V to 10V/div 
Horizontal 

Sweep: 0.05 us to 1 s/div 
x10 Magnification 

Delayed Sweep 


Frequency Measurement 
Frequency Range: to 20 MHz 
Resolution: 8 digits 
Accuracy: +2 counts 

Time Interval Average A to B 
Resolution: 0.1 ns 


DC Function 

Ranges: .1V, 1V,10V, 
100 V 

Accuracy: +.2% 
Resolution: 4% digits 

AC Function 

Ranges: 1 V, 10 V, 100 V 
Accuracy: +.5% 
Resolution: 4 digits 


DC Function 

Ranges: .1V, 1V,10V, 
100 V 

Accuracy: +.05% 
Resolution: 6 digits 

AC Function: True RMS 
Ranges: 1 V, 10 V, 100 V 
Accuracy: +.2% 
Resolution: 6 digits 

Crest Factor: 4:1 


Accuracy: +.2% 
Power Rating: 1 W 


Frequency Range: 1 kHz to 
100 MHz 
Amplitude Accuracy: +.5 dB 


Frequency Range: 
20Hz-50kHz 
Amplitude Accuracy: +.5 dB 
Spurious Responses: 
80 dB below reference 


Frequency: 1 kHz 
Amplitude: 1 V rams into 20 kQ 
Frequency Range: 


Cut-off eerie 1 MHz 
Stopband Atten: 

50 dB by 4 MHz 
Stopband Freq: 4 MHz-80 MHz 


Consisting of: 
Resistor: 10 kQ +1% 
Capacitor: 1600 pF +5% 


Required For 


Oper. Perf. | Adjust- Trouble- 
Ver. Tests | ments shooting 


Model 3325A 


Recommended Model 


-hp- 1740A 


-hp- 5328A with Opt 01 
and 040 or 041 


-hp- 3466A 


-hp- 3455A 


-hp- 141T/8552B/8553B/ 
8566A/8568A 


-hp- 204C 


-hp- 3335A 1 MHz-20 

MHz 

Amplitude Range: to 

+7.0 dBm 

Output Impedance: 50 2 

Phase Noise (Integrated): 
9.9 MHz: <-—63 dB 
20 MHz: <—70 dB 

Spurious: > 75 dB below 
fundamental 


F882 1MHz Low Pass 
Filter, Impedance 500, 

C Shape Factor, Metal Can, 
BNC’s Allen Avionics, Inc. 
224 E. Second St. Mineola, 
NY 11501 


-hp- 0757-0340 
-hp- 0160-2223 
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Table 1-5. Recommended Test Equipment (Cont'd). 


Required For 


Critical Specifications 


Ranges: 0.1 V to 1 V 
Frequency Range:20 Hz-1 MHz 
Input Impedance: => 1 MQ 


Oper. Perf. | Adjust- Trouble- 
Ver. Tests | ments shooting Recommended Model 
Meter: Log scale 


— Ep ee _ 
Acc (100 Hz to 10 kHz): +1% 


1k + 5% [| -hp-0683-1025 | 


Oscilloscope Probe Division Ratio: 10 to 1 ie jeden 10041A 
Impedance: 1 MQ, 12 pF 
DC Power Supply Volts: 0-10 V -hp- 6214A 
Amps: 10 mA 
-hp- 105B 
(Required for Option 
001 Only) 


Floating output 
Calculator HP-IB Control Capability -hp- 9825A with 
(Required for 98034A Interface, 
automatic testing) General I/O ROM, 
Extended I/O ROM 
System Voltmeter DC Voltage: 0 to +10 V i -hp- 3437A 


Frequency Standard Frequency: 5 MHz 


Accuracy: 1 x 109 


x 


Sample/Hold Measurement 
External Trigger: Low True TTL 
Edge Trigger 

Trigger Delay: selectable, 10 us 
to 140 us 


BNC Tee Male-female-female x x -hp- 1250-0781 
Adapter BNC-to-dual banana plug x x : -hp- 1250-2277 
BNC-to-Triax Adapter Female BNC-to-Male Triax x -hp- 1250-0595 


Signature Analyzer Signature: 4-digit hexadecimal 
Characters:Othru 9,A,C,F,H,P,U 
Threshold 

Logic 1: +2.2 V 

Logic 0: +0.5 V 


Clock Frequency: => 1.5 MHz 
Pulse Generator Pulse Rate: 500 kHz 


Pulse Width: <1 us 
DC Offset: 1 V 


56.29 1% 1/8W 


Thermal Converter Input Impedance: 75 2 
Input Voltage: 0.5 V rms 
Frequency: 2 kHz to 20 MHz 
Frequency Response: +0.05 dB 
2 kHz to 20 MHz 


Consisting of: 
Resistor: 36.52 1% % W 
Resistor: 13.702 1% % W 


Resistive Divider Consisting of: 
Resistor: 40.202 1% % W 
Resistor: 102 1% % W 


Resistive Divider Consisting of: 
Resistor: 302 1% % W 
Resistor: 202 1% %* W 


Resistive Divider Consisting of: 
Resistor: 100 kQ 1% 1/8 W 
Resistor: 162 kQ 1% 1/8 W 
Thermal Converter BNC Connectors 


| _ 


|] fy aa 
2 
X 


} -hp- 0757-0395 


Th I _ 
X 
-hp- 0757-0996 
-hp- 0698-4998 
Xx 
-hp- 0698-5022 
-hp- 0757-0984 


Resistive Divider 


-hp- 0698-7533 
-hp- 0698-6296 


-hp- 0757-0470 
Ss See 
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SECTION Il 
INSTALLATION 


2-1. INTRODUCTION. 


2-2. This section contains instructions for installing and 
interfacing the Model 3325A Synthesizer/ Function 
Generator. Included are initial inspection procedures, 
power and grounding requirements, line voltage 
selection, environmental requirements, installation 
instructions, HP—IB connection procedure, and 
instructions for repackaging for shipment. 


2-3. INITIAL INSPECTION. 


2-4. Inspect the shipping container for damage. If the 
shipping container or cushioning material is damaged, it 
should be kept until the contents of the shipment have 
been checked for completeness and the instrument has 
been checked mechanically and electrically. This 
instrument was carefully inspected both mechanically 
and electrically before shipment. It should be free of mars 
and scratches and in perfect electrical order upon receipt. 
Procedures for checking electrical performance are given 
in Section IV. If there is mechanical damage or defect or 
if the instrument does not pass the electrical performance 
test, notify the nearest Hewlett-Packard Sales and 
Service Office listed at the rear of this manual. If the 
shipping container is damaged or the cushioning material 
shows signs of stress, notify the carrier as well as the 
Hewlett-Packard office. Keep the shipping material for 
the carrier’s inspection. The warranty statement is 
located in the front of this manual. 


2-5. PREPARATION FOR USE. 

2-6. Power Requirements. 

2-7. The Model 3325A requires a power source of 100, 
120, 220, or 240 V ac, +5%, -10%, 48 to 66 Hz single phase. 


Power consumption is 100 VA maximum. 


2-8. Line Voltage Selection. 


Before connecting ac power to this 
instrument, make sure it is set to the line 
voltage of the power source. Also ensure that 
the common connection of the power outlet is 
connected to a protective earth contact. 


The line voltage selection switches are located 
inside the top cover of the instrument. Line 
voltage selection should be done by trained 
service personnel only. To avoid electrical 
shock, make sure the power cord is 
disconnected before removing the instrument 
cover. 


2-9. The line voltage selection switches are set at the 
factory to correspond to the line voltage option ordered. 
This information may be found on the rear panel. 


Line Voltage Selected 


Option 


If it is necessary to change the line voltage selection, 
access to the switches may be gained by removing the top 
cover of the 3325A. Make the desired voltage selection as 
shown in Figure 2-1. Be sure to observe the CAUTION in 
Figure 2-1. 


2-10. Power Cable. 


2-11. In accordance with international safety standards, 
this instrument is equipped with a three-wire cable. When 
connected to an appropriate power line outlet, this cable 
grounds the instrument cabinet. The type of power cable 
shipped with each instrument depends on the country of 
destination. Refer to Figure 2-2 for the connector 
configuration and -hp- part numbers of the available 
power cables. 


2-12. HP—IB Connections. 


2-13. Interconnection data concerning the rear panel 
HP—IB connector is provided in Figure 2-3. This 
connector is compatible with the -hp- 10631 (A, B, or C) 
HP—IB cables. The lengths of these cables are as follows: 


10631A 1 meter 
10631B 2 meters 
10631C 4 meters 
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Ee 
DMP 


LPNE 
VOLTAGE 


| OOV ce S2 D 
A 
may 
B 
| 20V c $2 pD 
A 
: S| CAUTION 
B 
WHEN CHANGING THE LINE VOLTAGE 
220V c¢_ S2_ oD SELECTION, MAKE SURE THE CORRECT 
FUSE 1S INSTALLED FOR FOR THE 
m_} VOLTAGE SELECTED. 
LINE VOLTAGE| FUSE | -hp-PART NO. 
100/120V 1A | 2110-0001 
A 220/240V | .5A | 2110-0012 
: S| 
B AFTER CHANGING LINE VOLTAGE SELECTION, 
BE SURE TO INDICATE ON THE REAR 
240V ¢ S2_D PANEL THE NEW VOLTAGE SELECTED. 


6 


3325A-29 


SWITCHES VIEWED FROM 
REAR OF INSTRUMENT 


Figure 2-1. Line Voltage Selection. 
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\GA 


8120-1369 8120-1689 


125V — 6A* a ‘ 250V — 6A* 
Ss MS 
S 


8120-1348 8120-0698 


STO-B-4195 
*UL LISTED FOR USE IN THE UNITED STATES OF AMERICA 


Figure 2-2. Power Cables. 


Up to 15 instruments (including the controller) may be 
connected in an HP—IB system. The HP—IB cables 
have identical stacking connectors on both ends so that 
several cables can be connected to a single source. As a 
practical matter, avoid stacking more than three or four 
cables on any one connector. If the stack gets too large, 
the force on the stack can produce enough leverage to 
damage the connector mounting. Be sure that the 
connector screws are tightened firmly in place to keep it 
from working loose during use, and be sure to observe the 
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CAUTION of Figure 2-3. 


2-14. Cable Length Restrictions. System components 
can be interconnected in virtually any configuration. 
However, to achieve reliable system performance, proper 
voltage levels and timing relationships must be 
maintained. If the system cable is too long, the lines 
cannot be driven properly and the system will fail to 
perform. The maximum length of cable that can be used 
to connect a group of instruments must not exceed 2 
meters (6.5 ft.) times the number of instruments to be 
connected, or 20 meters (65.6 ft.), whichever is less. 


2-15. 3325A Listen/Talk Address. 


2-16. The 3325A is normally shipped from the factory 
with the listen address set to ASCII character 1; talk 
address Q. The 3325A address switches are located inside 
the top cover near the center of the instrument. The 
possible HP—IB addresses are shown in Table 2-1. Set 
the five switches (marked | through 5) to the correct 
positions corresponding to the ASCII code address 
chosen. The 3325A may be set toa “listen only” condition 
by setting the switch marked LON to the “1” position. Be 
sure to leave the ROM switch in the “1” position. This 
switch is used for troubleshooting only. 


IFC 

SRQ 

ATN 

SHIELD—CHASSIS GROUND 
P/O TWISTED PAIR WITH PIN 6 
P/O TWISTED PAIR WITH PIN 7 
P/O TWISTED PAIR WITH PIN 8 
P/O TWISTED PAIR WITH PIN 9 
P/O TWISTED PAIR WITH PIN 10 
P/O TWISTED PAIR WITH PIN 11 
ISOLATED DIGITAL GROUND 


THESE PINS 
ARE 
INTERNALLY 
GROUNDED 


STD - 8 - 4090 


The 3325A contains metric threaded HP—/IB cable mounting 
studs as opposed to English threads. Metric threaded -hp- 
70637A, B, or C HP—IB cable lockscrews must be used to 
secure the cable to the instrument. Identification of the two 
types of mounting studs and lockscrews is made by their 
color. English threaded fasteners are colored silver and metric 
threaded fasteners are colored black. DO NOT mate silver 
and black fasteners to each other or the threads of either or 
both will be destroyed. Metric threaded HP-IB cable hard- 
ware illustrations and part numbers follow. 


LOCKSCREW 
1390-0360 


LONG MOUNTING STUD 
0380-0643 


SHORT MOUNTING STUD 
0380-0644 


Figure 2-3. HP—IB Connector. 
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Because the address switches are located 
inside the instrument, they should he set by 
trained service personnel only. To avoid 
electrical shock, make sure the power cord is 
disconnected before removing the instrument 
cover. 


2-17. HP—IB Description. 


2-18. A description of the HP-IB is provided in Section 
III of this manual. A study of this information is neces- 
sary if you are not familiar with the HP-IB Concept. Ad- 
ditional information concerning the design criteria and 
operation of the bus is available in IEEE Standard 
488-1978 ‘‘IEEE Standard Digital Interface for Program- 
mable Instrumentation.”’ 


2-19. Connecting Oven Option 001. 


2-20. In order to use the Oven Option 001, an external 
connection must be made between the rear panel 10 MHz 
OVEN OUTPUT and the REF IN connectors. A special 
connector for this purpose, -hp- Part No. 1250-1499, is 
supplied with instruments having Option 001. 


2-21. OPERATING ENVIRONMENT. 


To prevent potential electrical or fire hazard, 
do not expose equipment to rain or moisture. 


2-22. In order for the 3325A to meet the specifications 
listed in Table 1-1, the operating environment must be 
within the following limits: 


Temperature 0 to +55°C 
Relative Humidity 95% at 40°C 
Altitude 4600 meters 


(15,000 feet) 


2-23. Cooling System. 


2-24. The cooling fan intake and the exhaust vent are 
located in the rear panel. When operating the instrument, 
provide at least 75 mm (3 inches) of clearance at the rear, 
and at least 7 mm (‘4 inch) on all sides of the instrument. 
Failure to allow adequate air circulation will result in 
excessive internal temperature, reducing instrument 
reliability. 


2-25. It is imperative that the fan filter be inspected 


frequently and cleaned or replaced as necessary to permit 
the free flow of air through the instrument. To clean the 
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filter, remove the four nuts that secure the filter retainer. 
Remove the filter and flush with soapy water, rinse clean, 
and air dry. 


2-26. Bench Operation. 


2-27. The instrument has plastic feet attached to the 
bottom panel. The front feet contain foldaway tilt stands 
for convenience in bench operation. The tilt stand raises 
the front of the instrument for easier viewing of the 
control panel. The plastic feet are shaped to make full- 
width modular instruments self-align when they are 
stacked. A front handle kit, -hp- Part No. 5061-0089 
(Option 907), can be installed for ease of handling the 
instrument on the bench (see Figure 2-4). The kit is 
shipped with the instrument if Option 907 is also ordered. 
Otherwise, the front handle kit is available separately by 
its -hp- part number. 


2-28. Rack Mounting. 


2-29. The 3325A can be rack mounted in a rack having 
an EIA standard width of 482.6 mm (19 inches). The 
instrument can be rack mounted with or without a handle 
kit by use of the following items: 


a. Rack mounting without handles; use Rack Mount 
Flange Kit -hp- Part No. 5061-0077 (Option 908). 


b. Rack mounting with handles; use the combination 
Rack Mount Flange/ Front Handle Kit -hp- Part No. 
5061-0083 (Option 909). 


NOTE 


The Rack Mount Flange Kit ofitema will not 
provide the space requirement for rack 
mounting when used with the bench handle 
assembly (-hp- Part No. 5060-9899, Option 
907). To rack mount with handles, the 
combination kit of item b (Option 909) must 
be used (see Figure 2-4). If either Option 908 
or 909 is ordered, the corresponding kit is 
shipped with the instrument. Otherwise, both 
kits are available separately by their -hp- part 
numbers. 


2-30. STORAGE AND SHIPMENT. 
2-31. Environment. 
2-32. The instrument should be stored in a clean, dry 


environment. The following environmental limitations 
apply to both storage and shipment: 


Temperature -40°C to +75°C 
Relative Humidity 95% at 40°C 
Altitude 15,300 meters 


(50,000 feet) 


Model 3325A Installation 
Table 2-1. HP—IB Addresses. 


ASCIl Characters Address Equivalent Codes 

Switches (To 5-Bit Binary Switches) 
Listen Talk (Binary Code) 

Address Address| 5 4 3 2 1 


OAn7nmMmvaor?>@ 
00000 0'O 


oooooo0o°o 
-0o-0-?-0-0 


GOzzZrxc=.2 
0 0'O' ©:10'O' 0'9 
—-=-+-+0000 
-o-0-0-0 


Ss 


Factory 
Selected 
Address 


oooo0o0o0o°0 
ee -- 0000 
--o0o-+-00 
-0o-0-0-0 


1) P 
1 Q 
2 R 
3 S) 
4 if 
5 U 
6 Vv 
7 Ww 


+ ©@ 
Q—K AON KX 
sis <a a a EB, 
---O009O0 
-oo0o---00 
o-0o-0-0 


Address Switches 


LON — Listen Only 
ROM — ROM Disable (For Test Only) 


NOTE: The Equivalent Codes shown correspond only to the 5-bit binary switch 
code. These bits are the same for both listen and talk addresses, and the sixth 
and seventh bits determine whether the address is listen (01) or talk (10). Some 

& controllers distinguish between listen and talk automatically, requiring only the 
5-bit code equivalent to designate a device. 


Installation 


same TRIM 


HANDLE KIT, BENCH OPERATION 


OPTION 908 


RACK MOUNT FLANGE/FRONT HANDLE KIT 


Figure 2-4. Rack Mount and Handle Kits. 
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2-33. Instrument Identification. 


2-34. If the instrument is being returned to Hewlett- 
Packard for servicing, attach a tag indicating the type of 
service required, return address, model number, and full 
serial number. In any correspondence, refer to the 
instrument by model number and full serial number. 


2-35. Packaging. 


2-36. Original Packaging. If the original packaging has 
been retained, pack the instrument in the same manner as 
it was received. Be sure to seal the shipping container 
securely. Also, mark the container FRAGILE to assure 
careful handling. 


2-37. Other Packaging. The following general 
instructions should be used for repackaging with 
commercially available materials. 


a. Wrap the instrument in heavy paper or plastic. (If 
shipping to a Hewelett-Packard office or service center, 
attach a tag indicating the type of service required, return 
address, model number, and full serial number.) 


b. Use a strong shipping container. A doublewall 
carton made of 250-pound test material is adequate. 


c. Use enough shock-absorbing material (3-to-4 inch 
layer) around all sides of the instrument to provide firm 
cushion and prevent movement inside the container. 
Protect the control panel with cardboard. 


d. Seal the shipping container securely. 


e. Mark the shipping container FRAGILE to assure 
careful handling. 
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3-1. INTRODUCTION. terface Bus) programming. The HP-IB information in- 
cludes the basic concepts of the interface bus operation, 

3-2. This section of the manual contains instructions with which you may already be familiar. Use Table 3-1 

for manual operation and HP-IB (Hewlett-Packard In- to locate the information you need for your particular 
situation. 
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POWER STBY/ON Key. In the STBY position, power is 
applied to the Oven (Option 001), the HP-IB interface 
circuits that are external to the isolation barrier, and the 
High Voltage Output circuits (Option 002), in addition to 
the power supply circuits. 


BLUE prefix key. This key must be pressed to select any 
of the key functions labeled in blue. 


SWEEP key group. These are entry prefix keys for the 
sweep parameters, plus the sweep start keys. When 
preceded by the blue prefix key, the sweep parameter 
keys control sweep modification functions and linear/ 
log selection. 


Figure 3-1. 3325A Front and Rear Panels. 
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LOCAL key. Returns 3325A from remote to front panel 
control unless Local Lockout has been programmed. 
When preceded by the blue prefix key, this key causes 
the 3325A HP-IB address to be displayed in decimal 
code. 


STATUS annunciator group. These annunciators in- 
dicate the 3325A HP-IB status: Remote; Addressed to 
Talk; Addressed to Listen; Request Service (SRQ). 


ENTRY group. Prefix keys for programming signal 
parameters. 


ALPHANUMERIC display. Displays the value of the 
parameter selected, error codes, failure modes, HP-IB 
address, amplitude and phase modulation state. 
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DATA group. This group includes the numeric data 
keys, the data value suffix keys, the Store and Recall 
command keys, and the entry Clear key. When pre- 
ceded by the blue prefix key, the keys in the left column 
control the modulation functions. 


MODIFY group. The horizontal arrow keys select the 
digit to be modified (indicated by a bright digit), and the 
vertical arrow keys increment or decrement that digit. 


UNITS annunciators. Display the units of volume 
represented by the numeric display. Entry annunciator 
indicates that an entry is in progress. 


FUNCTION group. These keys select the output signal 
function or dc only (see Paragraph 3-26). 


EXT REF annunciator is on if an external reference or the 
Option 001 internal 10 MHz oven reference is con- 
nected to the rear panel REF IN. Annunciator flashes if 
the 30 MHz internal reference is not phase locked to the 
external reference. 


MODULATION annunciator is on if either AM or Phase 
modulation is programmed. 


AMPTD CAL key. Automatically calibrates the 
amplitude and offset of the output signal (see Paragraph 
3-39). When preceded by the blue prefix key, initiates a 
self test operation (see Paragraph 3-10). 


CAUTION 
The maximum peak voltage that can be safely ap- 
plied between chassis and the outer conductor of 
any of the 3325A input or output signal connec- 
tors is +42 V. 


SYNC OUT. A square wave sync signal is available at this 
connector and also at a rear panel connector, item 28. 
This signal is always in sync with the output signal cross- 
over point. (Zero volts or dc offset voltage, see Paragraph 
3-14.) J2. 


AUX 21-60 MHz REAR annunciator. This annunciator is 
on when the rear panel AUX output is active (see 
Paragraph 3-34). 


REAR ONLY key. In standard instruments, switches 
signal output from front to rear panel and vice versa. 
Rear panel output is active when the annunciator in the 
center of the key is on. In instruments with High Voltage 
Output Option 002, this key switches from normal to 
high voltage output, and the annunciator indicates 
when the high voltage output is on. The key is labeled 
“40 Vpp, 40 mA, 0-1 MHz" for Option 002. In Option 
002 instruments, no rear panel signal output is pro- 
vided. 


SIGNAL output. Standard output impedance is 50 
ohms. High Voltage Output Option O02 output im- 
pedance is nominally <1 ohm at dc and <10 ohms at 
1 MHz. Load impedance must be at least 500 ohms. 
Standard and High Voltage amplifier outputs are fused. 
Bia 


10 MHz OVEN OUTPUT. This signal is present only in 
instruments with Option 001. To make use of the Oven 
Output, it must be connected to the REF IN connector, 
Item 21. A special connector, -hp- Part No. 
1250-1499, is supplied with Option 001 for this pur- 
pose. J3. 
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AC POWER input connector. £1. 


REF IN. An external reference may be used to phase 
lock the internal 30 MHz reference (see Paragraph 
3-16). J4. 


HP-IB connector. Remote control of the 3325A by 
means of an HP-IB system controller is accomplished 
through this connector. Part of W6. 


REF OUT. A 1 MHz signal from the 3325A reference cir- 
cuits is available at this connector. J5. 


SIGNAL. The output signal is switched to this connector 
by the front panel REAR ONLY key, Item 17. J6. 
(Instruments with Option 002 do not have rear panel 
signal output.) 


NOTE 


The rear panel signal output is inactive (no inter- 
nal signal connection) if the instrument has the 
High Voltage Output Option OO2 installed. In- 
structions are given in the Operating and Service 
Manual, Section Vill, Service Group M, for ac- 
tivating the rear panel signal output in one of two 
ways: 1) Placing the standard/high voltage out- 
put on the rear panel only, disconnecting the 
front panel signal output, or 2) Disabling the high 
voltage output and enabling the standard 
front/rear output configuration. 


/f the standard instrument signal output is not ter- 
minated by an external 50-ohm load (a high im- 
pedance load, for example) undesirable distortion 
may result, particularly at higher frequencies. 
Similar conditions may result if the High Voltage 
Output (Option O02) is terminated by less than 
500 ohms. 


@) BLOWER, B17. 
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PHASE MOD. Input connector for a phase modulating 
signal of +5 V maximum peak voltage (see Paragraph 
3-66). J7. 


AMPTD MOD. Input connector for an amplitude 
modulating signal of + 5 V maximum peak voltage (see 
Paragraph 3-62). J8. 


SYNC OUT. This output is identical to the output at the 
front panel sync connector, Item 15. J10. 


AUX 21-60 MHz. A signal is available at this output 
when the sine wave frequency is programmed above 21 
MHz (see Paragraph 3-34). J9. 


Z BLANK. A TTL compatible output is present during a 
sweep operation (see Paragraph 3-60). J11. 


X DRIVE. This output progresses from O V to +10 V 
during a sweep-up operation (see Paragraph 3-58). 
J 2 

MARKER. This TTL compatible output goes low at the 
selected marker frequency during a sweep up, and high 
at completion of the sweep (see Paragraph 3-55). J13. 


Power Transformer, 11. 


Line Fuse, F1. 
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NOTE 


The HP-IB is Hewlett-Packard Company’s 
implementation of IEEE Standard 488-1978. 


3-3. PANEL FEATURES. 


3-4. Figure 3-1 identifies and describes the functions of 
the front and rear panel controls, indicators, and con- 
nectors. 


3-5. POWER/WARM-UP. 


3-6. The Model 3325A requires a power source of 100, 
120, 220, or 240 Vac, +5% -10%, 48 to 66 Hz single 
phase. The selection of line voltage and fuse is described 
in Paragraph 2-8 and Figure 2-1. 


3-7. The 3325A POWER switch has two positions, 
STBY and ON. Power is applied to some circuits at any 
time the instrument is connected to the ac power source. 
If the instrument has the Oven Assembly Option 001 in- 
stalled, it is important that it remain connected to the 
power source to maintain a constant oven temperature, 
eliminating the need for a long warm-up period. If an 
instrument with the Oven Assembly has been discon- 
nected from ac power no longer than 24 hours, a 
15-minute warmup period is sufficient to bring the 
reference frequency to within +1 x 10° of final value. 


3-8. INITIAL CONDITIONS. 


3-9. After the POWER switch has been set to ON, 
the instrument status will be as follows: 


| auhoYel WUOSNeceuecnen Perera ee a ene Sine 
PREGUeney.. asaressenae cece oe 6 1000 Hz 
AMPlHtUdGrn 4 censars pees or 1 mV p-p 
RIRASC merger ere enor er orn eae: 0 deg 
DC OSGi. enn os aan hs ete a act OV 
Front Signal Output 
SWCD air rec een errant renee: Linear 
Start Frequency... 20s. 1 MHz 
Stop Frequency... 2.0.6.0... 10 MHz 
Marker Frequency........... 5 MHz 
ADI We ie moa Meda oes @ ome tia ree 1 sec 
NOTES 


1. If the display reads OSC FAIL the fre- 
quency synthesis circuits are not operating 
properly. 


2. If A-CAL FAIL appears in the display 
momentarily after turn-on, any one of the 
three AMPTD CAL tests could be incorrect. 
Perform a SELF TEST operation to identify 
the failure. 


3. If either of the above conditions occurs, 
refer the instrument to qualified service per- 
sonnel for repair. 


Operation 


3-10. SELF TEST. 


3-11. The self test operation is initiated by pressing the 
blue prefix key, then the SELF TEST key (AMPTD 
CAL). This test uses the control, ROM, and control 
clock circuits to perform the following checks: 


LED check: Turns on all LED’s for about 2 
seconds 

Check 1: Tests AMPTD CAL of the sine wave 

Check 2: Tests AMPTD CAL of the square wave 

Check 3: Tests AMPTD CAL of the triangle wave 


Following each check the display indicates either PASS 
or FAIL for approximately one second. If all tests pass, 
this indicates that approximately 60% of all circuits are 
operating properly. 


3-12. FRONT/REAR SIGNAL OUTPUT. 


The maximum peak voltage that can be safe- 
ly applied between chassis and the outer con- 
ductor of any of the 3325A input or output 
signal connectors is +42 V. 


3-13. The standard Model 3325A provides selectable 
front or rear panel 50-ohm signal outputs. The rear 
panel signal output is selected by pressing the REAR 
ONLY key. The lighted indicator in the center of this 
key denotes that the signal output is at the rear panel. 


NOTE 


The rear panel SIGNAL output is not pre- 
sent on instruments equipped with the High 
Voltage Output Option 002. 


3-14. SYNC OUTPUT. 


3-15. A square wave sync output is provided at BNC 
connectors on both the front and rear panels. This sync 
signal is always in phase with the output signal, with the 
sync transition occurring at the signal zero crossing, or 
when the signal crosses the dc offset voltage. The output 
impedance of either front or rear panel sync output is 
approximately SO ohms. When connected to a 50-ohm 
coaxial cable that is terminated by a 50 ohm resistive 
load, the sync signal levels are as follows: 


Low Level = < 0.2 V 
High level = > 1.2 V 


NOTE 


If a sync output is connected to a 50-ohm 
coaxial cable that is terminated by a high im- 
pedance load (=1 megohm) the voltage 
levels are approximately twice the values 
given above. However, the improper ter- 
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mination of the 50-ohm system will cause 
ringing at the positive and negative transi- 
tions of the sync signal. 


3-16. EXTERNAL REFERENCE INPUT. 


3-17. The 3325A may be operated with an external 
reference to control the standard 30 MHz internal 
reference oscillator frequency. The external reference 
level must be greater than 0 dBm (50 ohms), and the fre- 
quency must be within 10 PPM of 10 MHz or a sub- 
multiple thereof down to 1 MHz (10, 5, 3.33, 2.5, or 1 
MHz). The front panel EXT REF annunciator will light 
to indicate that an external reference is being used. The 
internal reference oscillator is phase locked to the exter- 
nal reference, and a phase lock detector circuit causes 
the EXT REF light to flash if synchronization is lost. 


3-18. 10 MHz OVEN OPTION 001. 

3-19. Option 001 is a temperature stabilized 10 MHz 
oscillator which provides improved frequency stability 
(see specifications in Table 1-1). The output from this 
oscillator is at the rear panel 1O MHz OVEN OUTPUT 
connector. This output must be connected to the EXT 
REF input. A special connector, -hp- Part No. 
1250-1499, is provided with Option 001 for this pur- 
pose. 


3-20. MANUAL PROGRAMMING. 


3-21. The following paragraphs describe the procedures 
for operating the 3325A from the front panel. Also in- 
cluded are the limits for each parameter. 


3-22. Clear Display. 


3-23. Pressing the CLEAR key (in the left column of 
the DATA group) clears the display to zero. This key is 
useful when an error is made while entering data. 


3-24. Entry Errors. 


3-25. The word ‘‘Error’’ will appear in the display for 
approximately one second when an error in programm- 
ing occurs. The incorrect entry will not be accepted. 


Entry parameter out of bounds (for example, Freq = 61 
MHz) 


Invalid delimiter 


Frequency too large for function (for example, Function = 
Triangle, Freq = 11 kHz) 


Sweep time too small or too large 


Offset incompatible with amplitude, or amplitude incom- 
patible with offset 

Sweep frequency too large for function; Sweep bandwidth 
too small; Start frequency too small (log sweep); Start fre- 
quency greater than stop frequency (log sweep) 


Unrecognizable mnemonic received 
Unrecognizable data character received 
Option does not exist (High Voltage or Rear/Front) 
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3-26. Function Selection. 
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3-27. Any of the five functions may be selected by 
pressing the appropriate FUNCTION key. A light in the 
center of the key indicates the present function. Pressing 
the same key the second time removes the ac signal, set- 
ting the output to zero unless a de offset has been pro- 
grammed (see Paragraph 3-43). When the ac signal is 
removed in this way, the instrument automatically 
displays de offset, and the dc offset entry key light 
comes on. The ac signal can be restored by pressing the 
FUNCTION key again. The output signal for each 
function is centered about zero volts unless a de offset 
has been programmed. 


NOTE 
The standard instrument signal output must 
be terminated by an external 50-ohm load or 
sine wave distortion and square wave over- 


shoot may result, particularly at higher fre- 
quencies. 


3-28. Frequency Entry. @ 
DATA 
a] 


jG) Gy 


NOTE 


A lighted indicator in the center of any entry 
key denotes it as the active entry parameter. 
For example, if the FREQ entry key in- 
dicator is on, it is not necessary to press that 
key before entering data. 


3-29. Enter frequency by first pressing the FREQ EN- 
TRY key, then the numerical data, followed by the data 
suffix (delimiter) key (Hz, kHz, MHz). Numerical data 
must be entered most significant digit first, entering the 
decimal in the proper place. The frequency parameter is 
stored in the 3325A when the delimiter key is pressed. 


3-30. Frequency Limits. 


3-31. The minimum frequency for all functions is & 
1 »Hz. The nominal maximum frequency for each func- 
tion is shown below the function select key on the front 
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Table 3-2. Amplitude Limits of AC Functions. 


Peak-to-Peak 


Function 


Sine 
Square 
Triangle 
+ Ramp 


panel. However, because of the overrange capability of 
the 3325A, the maximum frequency for each function is 
as shown below: 


Sine wave 20 999 999.999 Hz 
Square wave 10 999 999.999 Hz 
Triangle 10 999.999 999 Hz 


10 999.999 999 Hz 
10 999.999 999 Hz 


Positive slope ramp 
Negative slope ramp 


3-32. Frequency Display and Resolution. 


3-33. Frequency is always displayed in Hz, even though 
the entry may have been made in kHz or MHz. For ex- 
ample, an entry of 1.2 MHz is displayed as 
1 200 000.0 Hz. Non-significant zeroes to the right of 
the first digit following the decimal point are not 
displayed except during a ‘‘modify’’ condition (see 
Paragraph 3-68). The maximum resolution is 1 »Hz for 
frequencies up to and including 99 999.999 999 Hz, and 
1 mHz for frequencies of 100 000.000 Hz and higher. 


3-34. Auxiliary Output (Sine Function Only). 


3-35. A rear panel auxiliary output can be used for fre- 
quencies above 19 MHz to a maximum of 60 999 
999.999 Hz. The output level is a nominal 0 dBm into 50 
ohms. The output automatically switches to the AUX 
output when frequencies of 21 000 000.000 Hz or higher 
are programmed. For this reason, the AUX output is 
labeled ‘‘21-60 MHz’’. Frequencies between 19 MHz 
and 21 MHz can be obtained at the AUX output only by 
first entering 21 MHz or higher, then entering the 
desired frequency. For example, if the desired frequency 
is 19.5 MHz, first enter ‘“FREQ 21 MHz’’, then 
**19.5 MHz’’. Then, if a front panel SIGNAL output of 
19.5 MHz (or any frequency between 19 MHz and 
21 MHz) is desired, enter any frequency 19 MHz or 
lower, then enter 19.5 MHz. 


NOTE 


Only one signal output is active at one time. . 
A lighted ‘‘21-60 MHz Rear’’ annunciator in- 
dicates that the rear panel AUX, 0 dBm, 21-60 
MHz output is active. A lighted ‘‘Signal, Rear 
Only”? annunciator indicates that the rear 
panel signal output is active. Neither light on, 
indicates the front panel signal output is 
active. 


dBm (50 Q) 


3-36. Amplitude Entry. 


ENTRY DATA 


YOO 
OOo® 
Oouo® 
oOoOee 


3-37. Amplitude is entered and displayed with 4-digit 
resolution. Press the AMPTD ENTRY key, then the 
numerical data, followed by the V, mV, Vrms, mVrms, 
or dBm key. The V and mV keys enter peak-to-peak 
value of ac functions. Maximum and minimum 
amplitudes for each function are shown in Table 3-2. 


3-38. The 3325A will convert an amplitude value be- 
tween peak-to-peak, rms, or dBm for any function. For 
example, if a sine wave amplitude of 10 V p-p has been 
entered, press the Vrms or mVrms key to display the 
same amplitude as 3.536 Vrms, or press the dBm key to 
display the value as (+)23.98 dBm. 


3-39. Amplitude Calibration. 


AMPTD CAL 


SELF TEST 


O EXT REF 


© MODULATION 


3-40. The 3325A will calibrate the output signal when 
the AMPTD CAL key is pressed. The output goes to 
less than 4 mV p-p while the calibration is in process. An 
amplitude and offset calibration is performed auto- 
matically whenever the function is switched and at in- 
strument turn-on. 


NOTE 


If A-CAL FAIL appears in the display 
momentarily after an AMPTD CAL opera- 
tion, the instrument should be referred to 
qualified service personnel for repair. 
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3-41. High Voltage Output Option 002. 


(Ga ae AUX SYNC OUT 


voi — © Max 
(ie = ie) Sal 
42 MAX O-t MHz REAR 40v 
pi 


— 


3-42. The high voltage output is selected by pressing the 
key in the lower right corner of the front panel. This op- 
tion provides a maximum output of 40 V p-p into a high 
impedance. The load resistance must be greater than 500 
ohms or distortion will result, particularly at higher fre- 
quencies. To assure square wave overshoot <5% of 
peak-to-peak output, the total capacitance connected to 
the output should be <500 pF. The same entry pro- 
cedures and display features apply as in the standard 
operation. Maximum and minimum amplitudes are 
shown in Table 3-3. Maximum frequency for sine and 
square wave functions is 1 MHz (10 kHz for triangle 
and ramps). 


ER 


NOTE 


The rear panel signal output is inactive (no 
internal signal connection) if the instrument 
has the High Voltage Output Option 002 in- 
stalled. Instructions are given in the 
Operating and Service Manual, Section VIII, 
Service Group M, for activating the rear 
panel signal output in one of two ways: 1) 
Placing the standard/high voltage output on 
the rear panel only, disconnecting the front 
panel signal output, or 2) Disabling the high 
voltage output and enabling the standard 
front/rear output configuration, 


3-43. DC Offset. 


ene 
(5) Ce) 
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Table 3-3. High Voltage Output Amplitudes (Option 002). 


Peak-to-Peak 


Max. Min. 


Sine 14.14 V 1.42 mV 
Square 20.0 V 2.0 mV 
Triangle 11.55 V 1.16 mV 
+ Ramp 11.55 V 1.16 mV 


3-44. Offset Only, No AC Function. When no ac func- 
tion is present, the dc voltage output may be programmed 
from OmV to +5V, with 4 digit resolution. When no ac 
function is present, the DC OFFSET entry prefix is au- 
tomatically selected. It is necessary merely to enter the 
numerical data followed by the V or mV delimiter. The 
rms keys cannot be used to enter offset. 


NOTE 


When the High Voltage Output is selected 
(Option 002), minimum amplitude for dc 

only (no ac function) is 0.01 mV and max- 
imum is 20.0 V. 


3-45. Offset with AC Function. When dc offset is to be 
added to any ac function, there are minimum and max- 
imum offset limits which must be observed. These limits 
are affected by the ac voltage and the resulting at- 
tenuator settings, which are shown in Table 3-4. Figure 
3-2 is a set of graphs which show the approximate max- 
imum dc offset permissible for a given ac peak-to-peak 
voltage. The following equation may be used to deter- 
mine maximum offset voltage. 


: _ 5  Amptd 
Maximum dc offset = <3 


Where A = Attenuator factor (from Table 3-4) 
Amptd = Amplitude in V p-p of the ac function 


NOTES 


1. If an attempt is made to enter a dc offset 
that is too great for the amplitude already 
programmed, “‘Error 5’’ will appear in the 
display momentarily, and the dc offset entry 
will not be accepted. 


2. After a dc offset has been entered, if the 
amplitude (ac) is then increased beyond the 
level where the amplitude and offset are 
compatible, ‘‘Error 5’ will appear in the 
display momentarily, and the ac amplitude 
entry will not be accepted. 


Model 3325A 


3. The minimum and maximum permissible 
dc offset voltages when the High Voltage 
Output is selected (Option 002) may be 
determined by multiplying the amplitude 
and offset values in Table 3-4 by four. This 
also applies for Figure 3-2. Change the 
above equation (for determining maximum 
dc offset) to the following: 


Ampt 
Maximum dc offset = on - anil 


4. Resolution of a dc offset entry (with ac 
function) is determined by the resolution of 
the ac amplitude. 


3-46. Phase Entry. 


NERY: 


3-47. 


The phase of the SIGNAL output can be shifted 
up to +719.9° with respect to the 1 MHz REF OUT 
(rear panel). Phase shift entry resolution is 0.1°. To pro- 
gram phase shift, press the PHASE ENTRY key, enter 
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number of degrees of phase desired, then press the 
‘‘deg’’ key. For a negative phase shift, press the ‘‘—’’ 
key before entering the numerical data. For square wave 
frequencies below 25 kHz, phase changes greater than 
25° may result in a phase shift + 180° from the desired 
amount. 

3-48. After entering a phase shift, the new phase may 
be assigned the zero phase position, and subsequent 
changes in phase referenced to that point. To assign 
zero phase, press the blue entry prefix key, then press 
ASGN ZERO @ (PHASE) key. 


3-49. Frequency Sweep. 


(—— SWEEP LINEAR/LOG — 
Starr 
Cay FWY BARS 
poss 
oO} | 
ee) 


RESET MKR 


3-50. Frequency sweep is phase continuous over the full 
frequency range; that is, there are no discontinuities in 
the output waveform. When the instrument is turned 
on, the sweep mode is set to linear, and the parameters 
are set as follows: 


Start FrequenGy... ccs acss-o 1 000 000.0 Hz 
StOp Prequeney ccc tac « 10 000 000.0 Hz 
Marker Frequency.......... 5 000 000.0 Hz 
AR Panveys nee Meet teu nOsicamnceeAcacie eee heen ceo 1.0 sec 


Table 3-4. Maximum DC Offset with any AC Function. 


AC Amplitude 
Entry 
(peak-to-peak) 


Maximum DC 
Offset (+ or —) 


1.000 mV 
to 
3.333 mV 


3.334 mV 
to 
9.999 mV 


10.00 mV 
to 
33.33 mV 


33.34 mV 
to 
99.99 mV 


100.0 mV 
to 
333.3 mV 


333.4 mV 


with 4.500 mV 


3.333 mV 
14.99 mV 


with 
with 


with 11.66 mV 


with 45.00 mV 


with 33.33 mV 


with 149.9 mV 


116.6 mV 
450.0 mV 


with 
with 


with 333.3 mV 


with 1.499 V 


to 
999.9 mV 


with 1.166 V 


1.000 V 4.500 V 
to 


9.998 V 


with 


with 0.001 V 


Minimum DC 
Offset Entry 


0.001 mV 
0.001 mV 
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Se 2 34 se 8 
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O. ImV 
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0.00ImV 


jke SR SERReER MASE eas 
[RE REE REEERAREEMEES 
[hi 2 SR REARS 
[Re SEAR SSeP eee 
[ice eee eek eSe ees 
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100.OmV TO 333. 3mV O. ImV 


10.00mV TO 33.33mV 0.OlmvV 
|.000mV TO 3.333mV 0.00ImV 


2 ¢@ 4€ & G6 F @ 8 
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Figure 3-2. Maximum DC Offset With AC Functions. 
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NOTE 


The Marker Frequency must be lower than 
Stop Frequency by a sufficient amount to 
permit the Marker pulse width to be approxi- 
mately 400 microseconds. See Paragraph 
3-55. 


To change any of the sweep parameters, press the ap- 
propriate SWEEP entry key, then enter the desired 
data. To select LOG sweep, press the blue prefix key 
and then the LOG (TIME) key. The log indicator should 
light. The sweep mode is linear unless this light is on. 


Log sweep indicator 


3-51. Linear Sweep. In linear mode, either CON- 
TINUOUS or SINGLE sweep may be used. Single 
sweep is from START to STOP frequency, and either 
START or STOP may be the higher frequency. To 
begin a single sweep: 


Press ‘‘RESET/START”’ key to set output and 
display to the start frequency selected and reset the 
X Drive ramp. 


Press ‘‘RESET/START”’ key again to start the 
sweep. 


START FF 


(Eee cea ee is ON during a sweep 
u 


The output frequency sweeps to the STOP frequency 
selected and remains there. This frequency appears in 
the display. Continuous sweep is up-down-up, etc., and 
begins when the ‘‘START CONT”? key is pressed. Con- 
tinuous sweep may be stopped by pressing the ‘‘START 
CONT” key again, or by pressing ‘START SINGLE’, 
“FREQ ENTRY’”’, or ‘‘PHASE ENTRY’’. The display 
will indicate the frequency at which the sweep stopped. 
The sweep will stop while any other parameter is being 
changed, then will restart. Pressing ‘‘AMPTD CAL’’, 
“SELF TEST”’’, ‘‘ASSIGN ZERO @’’, or changing the 
function will also stop continuous sweep. 


SWEEF 
SONY * : s 
| = nia is ON during sweep 


3-52. Log Sweep. In either single or continuous log sweep 
mode, the stop frequency must be higher than the start 
frequency, and sweep is up only. (Continuous sweep is 
start to stop, start to stop, etc.) The minimum bandwidth 
for log sweep is one decade. Single log sweep is a line- 
segmented log approximation in one-tenth decade seg- 
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ments, and continuous log sweep is a two-segment log 
approximation. 


NOTE 


Because of the computation time required by 
the control circuits in log sweep, the actual 
stop frequency (which is displayed at the end 
of a single sweep) will be higher than the 
selected stop frequency, but always within 
0.25%. The error decreases as sweep time is 
increased. 


3-53. Sweep Time. The maximum time per sweep (up or 
down) for all sweep modes is 99.99 seconds, with .01 
second resolution for times =>1 second, and .001 second 
resolution for times <1 second. Minimum times are as 
follows: 


Linear sweep, single or continuous. . .0.010s 


Log sweep 
IS) GY (a aecee mio ere ee on aee CIEE Re Sin CeO A 2.000 s 
GontimuousSrg® oar do sweet ones aes 0.100 s 


NOTE 


In single log sweep, the sweep time is in- 
creased by the processing time required 
between segments. The time increase (in 
seconds) is approximately equal to 


start frequency 


045 ( 101 stop frequency 


3-54. Sweep Bandwidth. The maximum sweep band- 
width is the full frequency range for the function 
selected, except that in log sweep, the minimum fre- 
quency is 1 Hz. The minimum bandwidth for log sweep 
is one decade. Minimum bandwidth for each function 
(linear sweep) is as follows: 


SINC Zane aypeayin ce (10 mHz/s) x (sweep time) 
Square: c3.5 5.4204 (5 mHz/s) x (sweep time) 
Triangle....... (0.5 mHz/s) x (sweep time) 
Ramps i ic.co svn (1 mHz/s) x (sweep time) 


For sweep bandwidths of less than 100 times the 
minimum, Bandwidth selected should be an integral 
multiple of the minimum. In linear sweep mode the 
sweep bandwidth may be multiplied or divided by two 
by pressing the blue prefix key and then ‘‘Afx2’’ or 
““Af+2”’. These bandwidth modification keys do not 
operate in log sweep mode. 


3-55. Sweep Marker. 

3-56. The marker frequency may be set to any point 
within the sweep band up to within approximately 400 
microseconds of the stop frequency. If the marker fre- 
quency is set beyond this point, the stop frequency will 
automatically be increased so that the marker pulse is 
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approximately 400 microseconds wide. The following 
equation may be used to determine the approximate 
maximum marker frequency: 


.0004 x bandwidth 


Max. marker freq. = stop freq. - sweep Une 


The rear panel MARKER output is at TTL compatible 
voltage levels. It is High at the start of a sweep up, goes 
Low at the selected marker frequency, then High again 
at the stop frequency. No marker output is present dur- 
ing sweep down or during a log sweep. Set the marker 
frequency by pressing the ‘‘MKR FREQ’’ key and 
entering the numerical data and the frequency suffix. 


3-57. The sweep band can be moved up or down to 
center on the marker frequency by pressing the blue 
prefix key and then the MKR — CF(MKR FREQ) key. 
This does not change the sweep bandwidth unless either 
the new upper or lower limit would be beyond the fre- 
quency limit for the present function. 


3-58. Sweep X Drive Output. 
3-59. The rear panel X DRIVE output is as follows: 
Linear sweep: 


Single: 0 V at start, increasing linearly to > +10 V 
at stop, whether the sweep is up or down. Re- 
mains at essentially this voltage until reset prior 
to the start of another sweep. (Voltage will drift 
downward less than 10 mV/s.) 

Continuous: Increases linearly from 0 V_ to 
>-+10 V during sweep up, then goes to 0 V at 
beginning of sweep down and remains at 0 V 
during sweep down. 


Log sweep: Starts at 0 V and increases to > +10 V 
with the sweep segments. 


NOTE 
The X DRIVE output has a nominal voltage 
of +10.5 V at the end of a sweep. This final 
voltage is specified to be greater than 10.0 V 
to ensure compatibility with oscilloscopes 
having a horizontal sensitivity of 10.0 V for 
full-screen deflection. 


X DRIVE output voltage is linear with time 

in both linear and log sweep modes. 
3-60. Sweep Z Blank Output. 
3-61. The Z BLANK output voltages are TTL compati- 
ble, and the output logic levels are as follows: 


Linear sweep: 

Single: Goes LOW at start of sweep, HIGH at stop, 
whether the sweep is up or down. Remains 
until start of next sweep. 

Continuous: LOW during sweep up, HIGH during 
sweep down. 
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Log sweep: Goes LOW at start frequency, HIGH at 
stop. In single sweep, remains HIGH until start of 
next sweep. In continuous sweep, is HIGH momen- 
tarily at stop frequency. 


When the Z BLANK output is low, it is capable of sink- 
ing current through a relay or other device. The max- 
imum ratings are: 


Maximum current sink: 200 mA 
Allowable voltage range: 0 V to +45 V de 
Maximum power (voltage at output x current): 1 W 


3-62. Amplitude Modulation. 


3-63. To program amplitude modulation, press the blue 
prefix key, then press the ‘AM ON’’ (STORE) key. To 
remove the modulation, press the blue key, then ‘‘AM 
OFF’’ (RECALL). The display shows ‘‘A ON’’ or “SA 
OFF’? momentarily to indicate the status of the 
amplitude modulation. The status of phase modulation 
(P ON or P OFF) is displayed at the same time. The 
modulation input must be connected to the rear panel 
AMPTD MOD input. The impedance of this input is 
20 kQ (10 kQ when AM is OFF). 


3-64. When amplitude modulation is programmed, the 
amplitude of the output signal (with no modulation) is 
halved; however, the display still indicates the program- 
med amplitude. Then, when the output (carrier) is 
modulated 100%, the maximum amplitude of the 
modulated output equals the programmed amplitude. A 
modulation input of approximately 5 V peak results in 
100% modulation. Modulation frequency may be 0 to 
50 kHz. If amplitude modulation is ON when 3325A 
functions other than sine wave are selected, the output 
may be gated, depending on the level of the modulation 
input. Amplitude modulation should be used only with 
the sine wave function, and the modulation input 
should not exceed +10 V peak. 


3-65. A dc voltage may be applied to the AMPTD 
MOD input to control the 3325A output level, or a pulse 
may be used to gate the output. Approximately +5 V 
cuts off the output signal, while approximately -5 V 
doubles the output. (Maximum output is 10 V p-p.) DC 
or pulse inputs should not exceed +5 V peak. 
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3-66. Phase Modulation. 


3-67. To program phase modulation, press the blue 
prefix key, the the ‘‘@M ON’’ (CLEAR) key, and to 
remove phase modulation, press the blue key, then ‘‘@M 
OFF”? (-). The phase modulation signal at the rear panel 
PHASE MOD input may be up to +10 V peak. The in- 
put impedance is 10 kQ. The modulating signal frequen- 
cy may be dc to 5 kHz. An input of +5 V results in the 
following approximate phase deviation (+ 170° per volt 
for sine function): 


3325A Function Phase Deviation 


Sine + 850° 
Square + 425° 
Triangle + 42.5° 
+ Ramp + 85° 


3-68. Modify Keys. 


— 
Eel 


ae. 

3-69. The numerical data of any parameter may be 
changed by use of the MODIFY keys. First press the 
prefix key of the parameter to be modified, placing the 


information in the display. Next, pressthe G or D> 
key to move the bright digit cursor to the digit you want 
to modify. Then pressthe ¢} or © key momentarily 


to increase or decrease the value of that digit by 1. If the 
modify key is held, the digit will continue to increment 
or decrement after a slight delay. As the modified digit 
passes 9 (incrementing) or 0 (decrementing) the digit to 
its left will increment or decrement. 


3-70. Store and Recall. 


3-71. An entire program may be stored in any one of 10 
registers by pressing the ‘‘STORE 0-9’’ key, then the 
register number. This stores all the information that is 
in the current program memory. Other programs may 
then be entered. All stored information is lost when 
power is removed from these circuits by setting the 
POWER switch to STBY or disconnecting ac power 
from the instrument. 
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NOTE 


Any phase information stored is invalid when 
recalled because the instrument performs an 
amplitude calibration on RECALL. Phase 
relationship between the output signal and 
the reference is not maintained when 
AMPTD CAL occurs. 


3-72. OPERATOR'S CHECKS. 


3-73. The following checks provide the operator with a 
means of determining whether the instrument is opera- 
tional. They are not intended to verify any specifica- 
tions. If the instrument fails any of these checks, it 
should be referred to qualified service personnel for 
repair. 


3-74. Self Test. 


3-75. Press the blue prefix key, then SELF TEST 
(AMPTD CAL). All the front panel display and annun- 
ciator LED’s should light for approximately two 
seconds, then the instrument performs an automatic 
calibration of the sine, square, and triangle functions 
and the display indicates momentarily whether each test 
passed or failed. The de offset is also checked in these 
tests. 


NOTE 


If the display reads OSC FAIL at any time, 
the frequency synthesis circuits are not func- 
tioning properly. Refer the instrument to 
qualified service personnel for repair. 


3-76. Output Checks. 

3-77. An oscilloscope (-hp- 1740A or equivalent) is re- 
quired for these checks. Connect the 3325A output 
through a 50-ohm feedthru termination (-hp- 11048C) 
to the oscilloscope input (input dc coupled), or set the 
1740A input switch to 50 ohms. 

FUNCTIONS 


a. Make the following 3325A keyboard selections: 


PUNCTION @ cscs cts esmae areas nus Sine 
PREOQUIBING Yair or ner crane ae 2 kHz 
AAUP TEE UD Bera scccnmts sacra tag 10 V p-p 


b. Set the oscilloscope controls as follows: 


Wenticall base e 2 senccteee cia soos aeee as 5 V/div 
HOrizonitalieqercceemreewncee ane 0.5 ms/div 
WITNSO Cierece ae seater erate ee eae Auto 


c. Adjust oscilloscope controls for a stable display, 
which should show a sine wave approximately two divi- 
sions peak-to-peak and one cycle per division. 
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d. Select square wave, triangle, positive slope ramp, 
and negative slope ramp and verify that each function 
indicates the same frequency and_ peak-to-peak 
amplitude. 


AMPLITUDE AND DC OFFSET 
e. Set the 3325A as follows: 


FUINGTIONeccrcsste er cisco es once Square 
BREOQUENGYOGe oa eon cic 2 kHz 
AMPEIBUWIDE cect cetsra cae 10 V p-p 
f. Set the oscilloscope controls as follows: 
WiertiCal aagimioct arncrmean eer reer 2 V/div 
Horizontale v.25 anacse semen ate 0.5 ms/div 
Mle 8 Chie recs ose ercecce een ea suoreeees wees Auto 


g. Oscilloscope display should show one square wave 
per division, 5 divisions peak-to-peak vertical. This 
checks the output with no attenuation. Actual display 
will depend greatly upon the accuracy of the 
oscilloscope amplifiers and display. 


h. Change 3325A amplitude to 1 V p-p, and change 
oscilloscope vertical to .2 V/div. Oscilloscope display 
should again be 5 divisions peak-to-peak. This checks 
the +3 attenuator section. 


i. Change 3325A amplitude to 500 mV p-p, and 
change oscilloscope vertical to .1 V/div. Oscilloscope 
display should be 5 divisions peak-to-peak. This checks 
the + 10 attenuator section. 


j. Change 3325A amplitude to 50 mV p-p, and 
change oscilloscope vertical to .01 V/div. The square 
wave display should be 5 divisions peak-to-peak. This 
checks the + 100 attenuator section. 

k. Press the 3325A SQUARE WAVE FUNCTION 
key to remove the square wave output. The indicator in 
the DC OFFSET Entry key should light and the 3325A 
display should show 0.0 mV. 


1. Set the oscilloscope vertical control to 2 V/div. 
Ground the input and set the trace to the center line. Set 
input to de coupled. 


m. Enter 5 V offset in the 3325A. The oscilloscope 
trace should be 2.5 divisions above the center line. Enter 
—5 V offset in the 3325A. The oscilloscope trace should 
go to 2.5 divisions below the center line. 


n. Enter 0 V offset in the 3325A. Trace should be on 
the center line. 


FREQUENCY 


o. Set the 3325A as follows: 


PUNCTION 2 ae ee ee Sine 
EREOUENOY oc peter en ere 100 Hz 
AMPUITUDE.....o-o1so00-2- 25 10 V p-p 
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p. Set the oscilloscope controls as follows: 


WASUAN IGE le eee a a ete mia puerta tu clcneenn ora 2 V/div 
Horizontal ee ee ee 1 ms/div 


q. Oscilloscope display should show one cycle of sine 
wave, which should be free of any apparent ir- 
regularities. 


r. Enter 20 MHz in the 3325A. Change oscilloscope 
horizontal to .05 ps/div. Oscilloscope should display 
one cycle of sine wave per division. 


HIGH VOLTAGE OUTPUT (OPTION 002) 


s. Remove the 50-ohm feedthru termination between 
the 3325A output and the oscilloscope input. Press the 
key in the lower right corner of the 3325A front panel to 
select the High Voltage output. 


t. Set the 3325A as follows: 


PUINCTIOING cera otc cies Sine 
FREQUENCY sec cee wonee ees 2 kHz 
AMPLITUDE <5 cee ee 40 V p-p 


VIET MI Galavercerctrace tedster etter eerie ce ree 10 V/div 
Horizontale ne acc acoder 0.5 ms/div 


v. The oscilloscope display should show a sine wave 
four divisions peak-to-peak, one cycle per division. This 
checks the high voltage output amplifier. 


3-78. OPERATOR'S MAINTENANCE. 


3-79. Maintenance by the operator is limited to cleaning 
or replacing the rear panel fan filter, or replacing the ac 
line fuse on the rear panel. Generally, if the ac line fuse 
requires replacement there is a failure within the instru- 
ment, which should be referred to qualified service per- 
sonnel. Disconnect the ac line cord before replacing the 
fuse. Be sure to use the correct replacement fuse: 

Fuse 


Nominal Line Voltage -hp- Part No. 


100/120 V 
220/240 V 


2110-0001 
2110-0012 


3-80. The fan filter should be inspected frequently and 
cleaned or replaced as necessary to allow free flow of 
air. To remove the filter, disconnect ac power from the 
instrument and remove the four nuts that secure the 
filter retainer. Remove the filter and wash thoroughly 
with soapy water, rinse clean, and air dry. 


3-81. HP-IB OPERATION. 


3-82. The Model 3325A is remotely controlled by 
means of the Hewlett-Packard Interface Bus (HP-IB). 


Model 3325A 


The following information gives a general description of 


the HP-IB and defines: the terms, concepts, and 
messages used in an HP-IB system. It also lists the 
capabilities and requirements for programming the 
3325A. Program examples using a specific Hewlett- 
Packard calculator as the system controller may be 
found in the Supplemental Programming Information, 
Appendix 3-A at the rear of this section. 


NOTE 


HP-IB is Hewlett-Packard Company’s 
implementation of IEEE Standard 488-1978, 
“Standard Digital Interface for Program- 
mable Instrumentation. 


3-83. General HP-IB Description. 


3-84. The HP-IB is a parallel bus of 16 active signal 
lines grouped into three sets according to function, to 
interconnect up to 15 instruments. Figure 3-3 is a 
diagram of the interface connections and bus structure. 


3-85. Eight signal lines form the first set and are termed 
“‘data’’ lines. The data lines carry coded messages which 
represent addresses, program data, measurements, and 
status bytes. The same data lines are used for input and 


DEVICE A 


Able to talk, listen, 7 
and control -— 


(e.g., calculator) 


DEVICE B 


Able to talk and 
listen 


(e.g., digital voltmeter) 


DEVICE C 


Only able to listen == 


(e.g., signal generator) 


DEVICE D 


Only able to talk 


(e.g., tape reader) 


Operation 


output messages in bit-parallel, byte-serial form. Nor- 
mally, a seven-bit ASCII code represents each piece 
(byte) of data, leaving the eighth bit available for parity 
checking. 


3-86. Data transfer is controlled by means of an inter- 
locked ‘‘handshake’’ technique which permits data 
transfer (asynchronously) at the rate of the slowest 
device participating in that particular conversation. The 
three data byte transfer control lines which implement 
the handshake form the second set of lines. 


3-87. The remaining five general interface management 
lines form the third set and are used in such ways as ac- 
tivating all the connected devices at once, clearing the 
interface, etc. Table 3-5 defines each of the management 
lines. 


3-88. Definition of HP-IB Terms and Concepts. 


Byte - A unit of information consisting of eight binary 
digits (bits). 


Device - Any unit that is compatible with the IEEE Stan- 
dard 488-1978. 


Device Dependent - 1. An action a device performs in 
response to information sent on the HP-IB. The action 
is characteristic of an individual device and may vary 
from device to device. 2. The data required to com- 
municate with a particular device. 


Data Bus 
(8 signal lines) 


Data Byte Transfer 
Control 


(3 signal lines) (HANDSHAKE) Lines 


General Interface 


————— Management (CONTROL) Lines 
(5 signal lines) 


Figure 3-3. Interface Connections and Bus Structure. 


Cperation 


Table 3-5. General Interface Management Lines. 


Attention Enables a device to interpret 
data on the bus as a controller 
command (command mode) or 


data transfer (Data Mode). 


Interface Initializes the HP-IB system to an 


Clear idle state (no activity on the 
bus.) 


Alerts the controller to a need 
for communication. 


Service 
Request 


Places instruments under re- 
mote program control. 


Remote 
Enable 


End Or 
Identify 


Indicates last data transmission 
during a data transfer sequence; 
used with ATN to poll devices 
for their status. 


Operator - The person that operates either the system or 
any device in the system. 


Address - The characters sent by a controller to specify 
which device will send information on the bus and 
which device(s) will receive information. A device may 
also have its address fixed so that it may only receive in- 
formation (listen only) or only send information (talk 
only). 


Polling - Polling is a means by which a controller can 
identify a device that needs interaction with it. The con- 
troller may poll devices for their operational condition 
one at a time, which is termed a serial poll, or as groups 
of devices simultaneously, which is termed a parallel 
poll. 


3-89. Basic Device Communication Capability. 


3-90. Devices which communicate along the interface 
bus fall into three basic categories. 


Talkers - Devices which send information on the bus 
when they have been addressed. 


Listeners - Devices /hich receive information sent on 
the bus when they have been addressed. 


Controllers - Devices that can specify the talker and 
listener(s) for an information transfer. The controller 
can be an active controller or a system controller. The 
active controller is defined as the current controlling 
device on the bus. The system controller can take con- 
trol of the bus even if it is not the active controller. Each 
system can have only one system controller, even if 
several controllers have system control capability. 


3-91. Message Definitions. 


3-92. Information is transferred on the HP-IB from 
one device to one or more other devices in quantities 
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called ‘‘messages’’. Some of the messages consist of two 
basic parts, the address portion and the information 
portion. Others are general messages to all devices. 
Messages can be classified into twelve types, which are 
referred to as ‘‘meta messages’’. These are defined in 
Table 3-6. A block diagram presentation of meta 
messages and their implementation will be found in Ap- 
pendix A-3 at the rear of this section. 


NOTE 


The meta message in itself is not a pro- 
gram code or an HP-IB command. It is only 
intended as a tool to translate a program writ- 
ten as an algorithm into the controller’s code. 


3-93. 3325A Response to Messages. 


3-94, The 3325A is capable of implementing only those 
messages indicated in Table 3-7. In order for those 
messages to be implemented, certain bus actions are re- 
quired, which are shown in the Interface Functions col- 
umn. 


3-95. HP-IB Work Sheet. 


3-96. A work sheet is provided at the end of this section 
for listing the address and message capabilities of each 
instrument in your HP-IB system. When this sheet is 
filled out, it will provide a summary of the system 
capabilities. 


3-97. HP-IB Addressing. 


3-98. Certain messages require that a specific talker and 
listener be designated. Each instrument on the bus has 
its own distinctive listen and/or talk address which 
distinguishes it from other devices. The 3325A receives 
programming instructions when addressed to listen. 
When addressed to talk, it will respond to the instruc- 
tions it received prior to being addressed to talk, such as 
an interrogation or serial poll. 


3-99. Addressing usually takes the form of ‘‘universal 
unlisten, device talk, device(s) listen’’. The universal 
unlisten command removes all listeners from the bus, 
allowing only the listener(s) designated by the device(s) 
listen parameter to receive information. The informa- 
tion is sent by the talker designated by the device talk 
parameter. The system controller may designate itself as 
either talker or listener. 


3-100. 3325A REMOTE PROGRAMMING. 
3-101. 3325A HP-IB Capabilities. 


3-102. Table 3-8 lists the HP-IB capabilities of the 3325A, 
which are compatible with IEEE Standard 488-1978. 


Model 3325A 


Operation 


Table 3-6. Definition of Meta Messages. 


The actual information (binary 
bytes) which is sent from a 
talker to one or more listeners. 
The information or data can be in 
a numeric form or a string of 
characters. 


Trigger The trigger message causes the 
listening device(s) to perform a 
device-dependent action. 


A clear message will cause a 
device(s) to return to a _ pre- 
defined device-dependent state. 


Remote The remote message causes the 
listening device(s) to switch 
from local front panel control, 
to remote program control. This 
message remains in effect so 
that devices subsequently ad- 
dressed to listen will go into 


remote operation. 


This message clears the remote 
message from the listening de- 
vice(s) and returns the device(s) 
to local front panel control. 


Local Lockout The local lockout message is 
implemented to prevent the de- 
vice operator from manually in- 
hibiting remote program control. 


Clear Lockout and This message causes all devices 

Set Local to be removed from the local 
lockout mode and revert t» local. 
It will also clear the remote mes- 
sage for all devices. 


A device can send this mes- 
sage at any time to signify that 
it needs some type of inter- 
action with the controller. The 
message is cleared by the de- 
vice’s status byte message if it 
no longer requires service. 


Require Service 


3-103. Developing an HP-IB Program. 


3-104. Basically, the 3325A is programmed remotely in 
the same manner as it is programmed manually. The se- 
quence in which the various parameters are pro- 
grammed is not important. At the end of this section 
(III) there is a summary of the HP-IB Programming 
Codes. This chart may be removed from the manual 
and/or copied to be used as a programming reference. 


NOTE 
It may be necessary to refer to some para- 
graphs on manual operation for descriptions 


of certain signals and requirements. 


3-105. Several steps are needed to develop an HP-IB 
program. 


Status Byte A byte that represents the status 
of a single device. One bit indi- 
cates whether the device sent 
the required service message 
and the remaining 7 bits indi- 
cate operational conditions de- 
fined by the device. This byte 
is sent from the talking device 
in response to a ‘‘Serial Poll’’ 
eperation performed by a con- 
troller. 


Status Bit A byte that represents the opera- 
tional conditions of a group of 
devices on the bus. Each de- 
vice responds on a particular bit 
of the byte thus identifying a 
device dependent condition. This 
bit is typically sent by devices 
in response to a parallel poll 
operation. 


The status bit message can also 
be used by a controller to speci- 
fy the particular bit and logic 
level that a device will respond 
with when a parallel poll oper- 
ation is performed. Thus, more 
than one device may respond on 
the same bit. 


Pass Control 


This message transfers the bus 
management responsibilities 
from the active controller to 
another controller. 


The system controller sends the 
abort message to uncondition- 
ally assume control of the bus 
from the active controller. The 
message will terminate all bus 
communications but does not 
implement the clear message. 


a. Completely define the operation(s) the system is 
required to perform. 


b. Write the program in flowchart or algorithm 
form. (An algorithm may be defined as a fixed step-by- 
step procedure for finding a solution to a problem.) Use 
the key words for meta messages shown in Table 3-6 in 
developing the program. The twelve key words are 
repeated here for reference. 


Data 

*Trigger 

Clear 

Remote 

Local 

Local Lockout 

Clear Lockout and Set Local 
Require Service 


Operation Model 3325A 
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Table 3-7. 3325A Implementation of Messages. 


Interface Functions * * 


Implementation * Response 


Will send or receive as 
instructed 


Data 


Trigger 


Device Clear sets 3325A 
to initial turn-on condi- 
tions. See Para. 3-8. 


Dc", L, AH 
DC, AH 


ID-LIST C, SH 
ALL C, SH 


Clear 


Goes to Remote. Can be 
set to Local by LOCAL 
key. 


RL", L, AH 
RL, AH 


Remote Enable 
ID-LIST,C,,SH 


Remote 


RL", AH 
RL, AH 


Goes to Local. 


C,, SH 
C, SH 


Local 


Goes to Remote. Cannot 
be set to Local by LOCAL 
key. 


Local Lockout 


Goes to Local from Local 
Lockout. 


Sets SRO True. 


Sends byte which _ indi 
cates if service required 
and reason. 


Clear Lockout and 
Set Local 


Require Service 


Status Byte 


Status Bit 


Pass Control 
Abort 


Unaddress 


*S = Send Only **SH = Source Handshake 


R = Receive Only AH = Acceptor Handshake 
SR = Send and Receive T = Talker (includes TE = Extended Talker) 
NA = Not Applicable L= Listener (includes LE = Extended Listener) 


SR = Service Request 

RL = Remote/Local 

PP = Parallel Poll 

DC = Device Clear 

DT = Device Trigger 

C=Any Controller 

Cy =A specific controller (for example, Cy, Cg) 
= The System Controller 


= Indicates replication n times 


C, 
x" 


Status Byte , Table 3-8. Interface Functions. 
*Status Bit 


*Pass Control 


Abort 
*Not implemented by the 3325A Source handshake capability 
Acceptor handshake capability 
Basic talker; Serial Poll; Unaddressed to talk if 
NOTE addressed to listen 
Basic listener; Listen Only; Unaddressed to 
The meta message in itself is not a program listen if addressed to talk 
code or an HP-IB command. It is only in- Service Request capability 
ded as a tool to translate a program ee ee 
tenae ; presen No parallel poll capability 
written as an algorithm into the controller’s Device clear capability 
code. No device trigger capability 


No controller capability 
Open collector bus drivers 
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c. Define the operation in program codes that the in- 
strument can use. Each instrument has its own set of 
program codes which are ASCII characters. The 3325A 
program codes are shown beginning with Paragraph 
3-120 or Table 3-9. 


d. Convert the program into the controller’s 
language. The conversion information is supplied with 
each controller. For example, the -hp- 9825A Calculator 
Extended I/O Manual provides a chart for program 
code conversion. 


NOTE 


Examples for controlling the 3325A with a 
specific Hewlett-Packard calculator are pro- 
vided in the Supplemental Programming In- 
formation, Appendix B-3 at the rear of this 
section. 


3-106. Block diagrams and explanations of the meta 
messages that apply to the 3325A are shown in Appen- 
dix A-3 at the rear of this section. 


3-107. Universal and Addressed Commands. 
3-108. The 3325A will respond to the following univer- 


sal and addressed commands, which are sent in the com- 
mand mode (ATN true). 


Mnemonic Command ASCII Code 
Universal: 

*DCL Device Clear DC4 
LLO Local Lockout DCl 
MLA _ My Listen Address (selectable) 
MTA My Talk Address (selectable) 
SPD Serial Poll Disable EM 

SPE Serial Poll Enable CAN 

UNL _ Unlisten ? 

UNT  Untalk - 
Addressed: 

GTL_ Goto Local SOH 

*SDC Selected Device Clear EOT 


*DCL and SDC commands set the 3325A to its initial 
turn-on conditions (see Paragraph 3-8) and cause an 
AMPTD CAL operation. Any data in the HP-IB input 
buffer is lost. The storage registers, SRQ masking, and 
the status byte are not affected. 


3-109. Placing the 3325A in Remote. 


3-110. The 3325A will go to Remote when ATN is true, 
REN is true, and it receives its listen address. 


3-111. The 3325A Address. 


Operation 


3-112. The 3325A address is normally set at the factory 
to: 


5-Bit 
Octal 


ASCII 
Character 


(5-Bit Octal Equivalent) 
Decimal Hexadecimal 


Listen 


Talk 17 11 


The 3325A can be made to display its address in decimal 
code by pressing the blue prefix key and the BUS ADRS 
(LOCAL) key. 

NOTES 


1. All programming is shown in ASCII 
code. 


2. Table 3-9 is a summary of the 3325A pro- 
gram data messages and program times. 
Table 3-10 lists program codes in binary, 
octal, decimal, and hexadecimal. At the end 
of this section (III) there is also a summary of 
the HP-IB programming codes. This chart 
may be removed from the manual and/or 
copied to be used as a_ programming 
reference. 


3. The following front panel key actions can- 
not be remotely programmed: 


Modify group 

Sweep bandwidth x 2 

Sweep bandwidth + 2 

Set sweep center frequency to marker fre- 
quency 

Display bus address 

Clear display 


4. The 3325A must be set to REMOTE and 
addressed to LISTEN before it will accept 
device dependent data messages. 


3-113. 3325A Data Message Formats. 


3-114. The following are valid programming strings 
(data messages) for the 3325A: 


Mnemonic, Data, Delimiter, EOS 
Mnemonic, Data, EOS 
Mnemonic, EOS 

I, Mnemonic, EOS 


Where I is the ASCII character I and EOS is the end-of- 
string character, which is required for Data Transfer 
Mode 2 (see following paragraphs). Valid EOS 
characters are: 


LF = Line Feed = 12 octal 
* = Asterisk = 52 octal 
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Table 3-9. Summary of 3325A Programming (ASCII Characters).** 


Mnemonics 
Parameter or ASCII 


Operation 


Data Transfer Mode 
Data Mode 1 
Data Mode 2 


Amplitude 


DC Offset 


3=Triangle 
4=Positive Ramp 
5=Negative Ramp 
11 Digits 

and Decimal 


< 


KH = Kilohertz 
MH = Megahertz 


VO= Volts (p-p) 
MV =Millivolts (p-p) 
VR=Volts rms 
MR=Millivolts rms 
DB=dBm 


VO=Volts 
MV = Millivolts 


< 4 Digits 

and Decimal. Also 
— sign if negative 
dBm. + sign is val- 
id but not required. 


< 4 Digits and 
Decimal. Also — 
sign if negative dc 
offset. + sign is 
valid but not 
required. 


DE = Degrees 


<= 


HZ = Hertz 
KH = Kilohertz 
MH = Megahertz 


SE = Seconds 


Sweep Start Frequency 
Sweep Stop Frequency 
Sweep Marker Frequency 


11 Digits 
and Decimal 


< 4 Digits 


Approximate Programming Time* 


MD=4.5 ms 


FU=1500 ms 


FR=7.0 ms 
Each digit or decimal= 2.8 ms 
HZ, KH, or MH=12.5 ms 


AM=6.8 ms 

Each digit, decimal or decimal = 
VO or MV=90 ms 

VR or MR=130 ms 

DB=250 ms 


OF=6.8 ms 
Each digit, decimal, or — sign=2.8 ms 
VO or MV=82 ms 


2.8 ms 


PH=5 ms; DE=28 ms 
Each digit and — sign=2.8 ms 


ST, SP, or MF=7.0 ms 
Each digit or decimal= 2.8 ms 
HZ, KH, or MH=10.3 ms 


=5.5 ms; SE=7.0 ms 


and Decimal 


Sweep Mode 
Linear 
Logarithmic 


Rear or Front Panel Output 
Front Panel 
Rear Panel 


Interrogate Entry Parameters 
Frequency 
Amplitude 
Offset 
Phase 
Sweep Start Frequency 
Sweep Stop Frequency 


Store Program 1 Digit, 0-9 
Recall Program 
Execution Functions 
Assign Zero Phase 
Perform Auto-Cal 
Start Single Sweep 
Start Continuous Sweep 
Perform Self-Test 
Sweep Marker Frequency 
Sweep Time = 
en a a a 
Mask Service Requests =MS See Para. 
3-144 
Binary (ON/OFF) Functions ; 
High Voltage Output 
Amplitude Modulation 
Phase Modulation 


*Program times are in addition to the data transfer time of 225 to 25 


3-18 **See Note 2 following Paragraph 3-112. 


Each digit and decimal= 2.8 ms 


RF=44.5 ms 


SR=11 ms; 
RE=1700 ms 


IFU= 1603 ms 


MS =4.5 ms 


MA=7.0 ms 
MP=7.0 ms 


O us per byte. 
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Table 3-10. Programming Codes. 


ASCII Binary Octal Decimal Hexadecimal 
Instruction Characters Code Code Code Code 


Entry 
Frequency 


Amplitude 


Start Frequency 


Start Single (must be sent twice) 


Sweep Mode 


Numerical Data 


OMDNODoORWNH—-—O 


° 


Oo 0:Oo © 010 © 0:0 0 8'O 


.(decimal) 
— (minus) 


Hertz 


==3---00000000 
=-00--== 0000 
O-00-=-00-=-00 
-O-0-0-0-0-0 


Operation 
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Table 3-10. Programming Codes (Cont'd). 


High Voltage Output (0) 
O 
Modulation-Amplitude 1 
1 
Modulation-Phase 1 
0 
Rear or Front Output 0 
0 
1 (e} 104 68 44 
Assign Zero Phase Reference 1 
0 
1 
1 
O 
1 
7 
1 
7 
1 
1 
O 


Perform Auto Cal. 


“the 


rf 


Perform Self Test 
Mask SRO 


Interrogate (Parameter) 
Interrogate Error 


EOS (End of String) 


Line Feed 
Asterisk 
All spaces (40 octal), carriage returns (15 octal), com- Line feeds and Asterisks (EOS characters) 
mas (54 octal), and all lower case alphabetics are ig- are ignored. No other device dependent data 
nored by the 3325A. communications are permitted on the bus 
until the entire 3325A program string has 
NOTE been accepted and all but the last character 
processed. 


A program string may program one para- 


meter or all parameters. For example, the 
string ““FU2FRIOKHAM3V0”’ programs the 
following: 


FU2 = Square wave function 
FRIOKH = 10 kHz 
AM3V0 = 3 V p-p 


The EOS character should follow the com- 
plete string, or a maximum of 48 characters 
(see Paragraphs 3-115 through 3-118). 


3-115. Data Transfer Mode. 


3-116. The 3325A accepts data from the HP-IB in 
either of two modes. If speed of communication is a 
critical factor on your HP-IB system, Mode 2 is prefer- 
rable. The characteristics of the two modes are: 


Data Mode 2. Device dependent characters 
are accepted and stored in an internal buffer 
and not processed until the EOS character is 
received or the buffer is filled (48 bytes). 
Consequently, other communications on the 
bus are permitted after the program string 
has been accepted (at the rate of approx- 
imately 150 to 200 microseconds per 
character). If the program string contains 48 
characters or more, the 3325A will hold up 
the bus while it processes the 48 characters 
before accepting and storing the rest of the 
string. Because the instrument turns on in 
Data Mode 1, Mode 2 must be programmed 
remotely. It will then remain in Mode 2 until 
Mode | is programmed or until the POWER 
switch is set to STBY. 


3-117. While the 3325A is processing data it will accept 


Data Mode 1. The 3325A turns on in Data and respond to universal commands. For this reason, 
Mode 1. In this mode, each device dependent when operating in Mode 2, the controller can send a 
character (byte) is processed when received. program string (48 characters or less) to the 3325A, and 
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while this data is being processed the controller can 
unaddress the 3325A to listen and then communicate 

@ with another device. However, if the string is more than 
48 characters, the bus will be held up until the first 48 
characters have been processed and the remaining 
characters accepted. In order for the bus to be used dur- 
ing 3325A processing time for communication between 
other devices, a program string greater than 48 
characters should be divided and an EOS character sent 
after (or at a convenient place before) the 48th byte. The 
remaining program can then constitute a second string. 
While the 3325A is processing input information, a 
‘“‘Busy’’ flag is set in the status byte (see Paragraph 
3-136). This flag can be used to determine when the 
3325A has finished processing. 


NOTE 


The 3325A will handshake bus communica- 
tions even though the POWER switch is set 
to STBY. This will not interfere with the 
operation of the bus unless it was set to 
STBY while addressed to talk. Before it is set 
to STBY, make sure it is not addressed to 
talk, or else disconnect the HP-IB cable 
from the 3325A. The addressed to talk con- 
dition can be cleared by an IFC command, 
even when the 3325A is in Standby. 


& 3-118. Programming Data Transfer Mode. 


3-119. Instructions for programming Data Transfer 
Mode are included in Paragraph 3-126. 


3-120. Programming Entry Parameters. 
3-121. The 3325A entry parameters are: 


Frequency 

Amplitude 

Offset 

Phase 

Sweep Start Frequency 
Sweep Stop Frequency 
Sweep Marker Frequency 
Sweep Time 


The programming syntax for these parameters is: 
Mnemonic, Data, Delimiter, EOS 
NOTE 


All program codes are shown in ASCII 
characters. 


Valid mnemonics: 


@ FR = Frequency 


AM = Amplitude 
OF = Offset 


Operation 


PH = Phase 
ST = Sweep Start Frequency 
SP = Sweep Stop Frequency 


MF = Sweep Marker Frequency 
TI = Sweep Time 


Valid data: 
0 thru 9 = ASCII numerics (if too many 
digits are sent, the extra digits will be 


ignored or rounded) 


+ = ASCII plus sign (plus sign is accepted 
but not required) 


— = ASCII minus sign (minus sign will be ig- 
nored if sent for parameters that cannot be 
negative) 


= ASCII decimal (floating decimal entries 
not valid) 


Valid delimiters: 


HZ = Hertz 
KH = Kilohertz 
MH = Megahertz 
VO = Volts (peak-to-peak or dc) 
MV = Millivolts (peak-to-peak or dc) 
VR = Volts rms 
MR = Millivolts rms 
DB = dBm 
DE = Degrees 
SE = Seconds 
NOTE 


When operating in Data Mode 1, an EOS 
character is not required. When in Mode 2, 
the EOS character should not be sent until 
the end of the program string (or after 48 
bytes; see Paragraph 3-117). 


3-122. Programming Waveform Function. 
3-123. The selectable functions are: 
DC only 
Sine wave 
Square wave 
Triangle wave 
Positive Slope Ramp 
Negative Slope Ramp 
The programming syntax for selecting function is: 
Mnemonic, Data, EOS 


Valid mnemonic: 


FU = Function 


Operation 


Valid data: 


Function off (dc only) 
Sine 

= Square 

= Triangle 

Positive Slope Ramp 
Negative Slope Ramp 


ARWNK& 
Ion ou ul 


sll 


3-124. Programming Binary (On or Off) Functions. 
3-125. The programmable binary functions are: 


High Voltage Output (Option 002) 
Amplitude Modulation 
Phase Modulation 


The programming syntax for binary functions is: 
Mnemonic, Data, EOS 
Valid mnemonics: 


HV = High Voltage Output (If the 3325A receives 
the HV mnemonic but does not have the high 
voltage option, SRQ (if enabled) and an error 
code will be generated. See Paragraph 3-134.) 

MA = Modulation — Amplitude 

MP = Modulation — Phase 


Valid data: 
® = Off 
1 = On 


NOTE 


The rear panel signal output is inactive (no 
internal signal connection) if the instrument 
has the High Voltage Output Option 002 in- 
stalled. Instructions are given in the 
Operating and Service Manual, Section VIII, 
Service Group M, for activating the rear 
panel signal output in one of two ways: 1) 
Placing the standard/high voltage output on 
the rear panel only, disconnecting the front 
panel signal output, or 2) Disabling the high 
voltage output and enabling the standard 
front/rear output configuration. 


3-126. Programming Selection Functions. 


NOTE 


The selection functions are similar to binary 
functions, but instead of ON or OFF states, 
selection is made between two mutually ex- 
clusive operations. 
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3-127. The programmable selection functions are: 
Rear Output/Front Output 6 
Linear Sweep/Logarithmic Sweep 
Data Transfer Mode 

The programming syntax for the selection functions is: 
Mnemonic, Data, EOS 

Valid mnemonics: 

RF = Rear or Front Output 

SM = Sweep Mode 

MD = Data Transfer Mode 
Valid data for RF is: 


1 


ll 


Select Rear Output 


2 = Select Front Output (If the 3325A receives the 
RF mnemonic but does not have rear output 
capability (Option 002, for example) SRQ (if 
enabled) and an error code will be generated. 
See Paragraph 3-134.) 


Valid data for SM is: 


1 = Linear Sweep (The 3325A turns on in Linear 
Sweep function. This function need not be pro- 
grammed except to change from Linear to Log 
Sweep or to return to Linear.) 


2 = Logarithmic Sweep 
Valid data for MD is: 
1 = Data Mode | (The 3325A turns on in Data 
Mode 1. This function need not be programmed 


if it is desired to remain in Data Mode 1.) 
2 = Data Mode 2 


3-128. Programming Execution Functions. 
3-129. The programmable execution functions are: 
Assign Zero Phase Reference 
Perform Amplitude Calibration 
Start Single Sweep 
Start Continuous Sweep 
Perform Self Test 
The programming syntax for execution functions is: 


Mnemonic, EOS 


Valid mnemonics: 


AP = Assign Zero Phase Reference 
AC = Perform Amplitude Calibration 
SS = Start Single Sweep 
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SC = Start Continuous Sweep 
TE = Perform Self Test 


NOTES 


1. The Start Single mnemonic must be sent 
twice (SSSS). The first SS sets the output 
(and display) to the start frequency, and the 
second SS starts the sweep. 


2. While the 3325A is in Continuous Sweep 
mode, if it receives the mnemonics SC, SS, 
FR, PH, AC, AP, or TE, it will stop sweep- 
ing. It must receive SC again in order to 
resume continuous sweeping; or if a single 
sweep is to be programmed, SSSS is re- 
quired. 


3. The “‘Busy”’ flag (bit 7 in the status byte, 
see Paragraph 3-138) will be ‘‘l’’ for the 
duration of a Self Test operation. After Self 
Test, the 3325A returns to the previously 
programmed conditions, except that if a 
Sweep was in progress the sweep will remain 
stopped. 


3-130. Programming Amplitude Units Conversion. 


3-131. The programming syntax for converting ampli- 
tude units (Vp-p, Vrms, dBm) is: 


Mnemonic, Delimiter, EOS 
Mnemonic = AM = Amplitude 


Delimiter = The units to which you want to convert: 


VO = Vp-p 
MV = mVp-p 
VR = Vrms 
MR = mVrms 
DB = dBm 


Example: If amplitude was programmed in Vp-p, it may 
be converted to dBm by programming ‘‘AMDB’’. If 
amplitude was the last parameter programmed and is 
shown in the display, only the delimiter ‘‘DB’’ needs to 
be programmed. 


3-132. Programming Storage Registers. 


3-133. The data that will be stored includes the current 
program of Entry Parameters, Function (Waveform), 
Binary Functions, and Selection Functions. The storage 
register functions are: 


Store Data in Register N 
Recall Data from Register N 


Operation 


The programming syntax for storage register functions 
is: 


Mnemonic, Data, EOS 


Valid mnemonics: 


SR = Store 
RE = Recall 
Valid data: 


® thru 9 = ASCII numerics specifying register 
number 


NOTES 


1. If no data has been stored in a register, 
the recall command for that register will be 
ignored. 


2. An amplitude calibration is performed 
when a register is recalled. 


3. The numeric value for the phase is stored, 
but the phase of the output is not changed 
when the register is recalled. (Phase may 
need to be reprogrammed.) 


4. DCL (Device Clear) and SDC (Selected 
Device Clear) commands do not affect the 
storage registers. 


3-134. Service Requests. 


3-135. The 3325A will set the SRQ line true for any of 
the following reasons, if enabled by the SRQ mask (see 
Paragraph 3-144): 


Program String Error 
Sweep Started or Sweep Stopped 
System Failure (Possible component problem) 
Failed Self Test 
Failed Amplitude Calibration 
External Reference Unlocked 
Main Oscillator Unlocked 


3-136. Serial Poll. 


3-137. When the system controller determines that the 
SRQ line is true, it may conduct either a Serial Poll or a 
Parallel Poll to determine which device(s) initiated the 
Service Request, and the reason(s) for the request. The 
3325A responds to a Serial Poll, which is conducted in 
the following manner: 


Controller places ATN true (command mode) 
Controller sends Serial Poll Enable (SPE) on lines 
DIO1-8 (ASCII CAN, binary code x 0011000) 


Operation 


Controller sends 3325A Talk address, controller 
Listen address 

Controller places ATN false (data mode) 

3325A responds by sending status byte on DIOI-8 

Controller places ATN true (after each device has 
been polled) 

Controller sends Serial Poll Disable (SPD) on 
DIO1-8 (ASCII EM, binary code x 0011001) 


Serial Poll Disable clears the SRQ message originated by 
the 3325A, resetting bits @ through 3 and bit 6 in the 
status byte. 


NOTE 


Some of the above Serial Poll operations are 
performed automatically by some con- 
trollers in response to certain programming 
statements. Refer to the programming in- 
structions for your particular controller. 


3-138. Status Byte. 


3-139. A status byte consists of one 8-bit byte on the 
HP-IB data lines. A ‘‘l’’ in bit 6 indicates that the 
3325A did request service (placed SRQ true), and a ‘“‘0”’ 
in bit 6 indicates that it did not request service. The 
3325A status byte contains the following information: 


765432190 Status byte bits 
(87654321 DlOlines) 
FRFxSSSS_ F= Flag; R= Request Service: 


S = Status 
1 = Program String Error 


1 = Sweep Stopped 
1 = Sweep Started 


1 = System Failure 
(possible component failure), 
includes: 
Failed Self Test 
Failed Amptd Cal 
Ext Ref Unlocked 
Main Ose Unlocked 


Sweep Flag. 1 = Sweep in Progress. 
Does not cause SRQ. 


RQS Message. 1 = Service Request. 


Busy Flag. 1 =3325A busy processing data. 


Does not cause SRQ. 


3-140. Busy Flag. 


3-141. The Busy Flag (status byte bit 7) is high (1) while 
the 3325A is processing data. This bit can be monitored 
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by the controller to determine when the 3325A is ready 
for more data. 


3-142. Sweep Flag. 


3-143. The Sweep Flag (bit 5 of the status byte) is high 
(1) while the 3325A is in the process of sweeping. This 
bit can be monitored by the controller to determine 
when the end of a sweep occurs. 


3-144. Masking or Enabling Service Requests. 


3-145. Bits 3 through @ in the status byte can be masked 
so that the corresponding conditions will not cause a 
service request. However, a ‘’1’’ will still appear in the 
status byte if the condition exists, and can be cleared 
only by a serial poll. At instrument turn-on all SRQ con- 
ditions are masked. The programming syntax for mask- 
ing and enabling SRQ conditions is: 


Mnemonic, Data, EOS 
Mnemonic = MS 
Valid Data is shown in Table 3-11. 
3-146. Interrogating Program Errors. 


3-147. The ‘‘Program Error’’ service request may result 
from the following Errors: 


Error 


Entry parameter out of bounds (for exam- 
ple, Freq = 61 MHz) 


Invalid delimiter 


Frequency too large for function (for ex- 
ample, Function = Triangle, Freq 
= 11 kHz) 


Sweep time too small or too large 


Offset incompatible with amplitude, or 
amplitude incompatible with offset 


Sweep frequency too large for function; 
Sweep bandwidth too small; Start fre- 
quency too small (log sweep); Start fre- 
quency greater than stop frequency (log 
sweep) 


Unrecognizable mnemonic received 


Unrecognizable data character received 


Option does not exist (High Voltage or 
Rear/Front) 
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Operation 


Table 3-11. SRO Mask/Enable Data. 


ASCII 
Character 


@ 
A 
B 
Cc 
D 
E 
F 
G 
H 
| 
J 
K 
L 
M 
N 
O 


* Initial turn-on conditions 


The programming syntax for interrogating error is: 
Mnemonic, EOS 
Mnemonic = IER 


After receiving IER, the 3325A will send back the 
following the next time it is addressed to talk: 


Mnemonic, Data, CR (ASCII carriage return), LF 
& EOI (ASCII line feed with EOI sent simultane- 
ously) 


Mnemonic = ER 


Data = The ASCII numeric corresponding to the first 
error that occurred (see list above). 


If no error occurred, the code returned is 9. When more 
than one error has occurred, only the code for the first 
error will be returned. After interrogation, the error 
code is set to zero until the next error occurs. 


3-148. Interrogating Entry Parameters. 

3-149. Each entry parameter car. be interrogated by the 
controller to determine its value. The programming syn- 
tax for interrogating entry parameters is: 


I, Mnemonic, EOI 


I = the ASCII character I and indicates interrogation 
desired. 


Valid mnemonics (parameter to be interrogated): 
FR = Frequency 


AM = Amplitude 
OF = Offset 


Program 
Error 
Bit O 


Mask Mask Mask 
Mask Mask Enable 
Mask Enable Mask 
Mask Enable Enable 
Enable Mask Mask 
Enable Mask Enable 
Enable Enable Mask 
Enable Enable Enable 
Mask Mask Mask 
Mask Mask Enable 
Mask Enable Mask 
Mask Enable Enable 
Enable Mask Mask 
Enable Mask Enable 
Enable Enable Mask 
Enable Enable Enable 


PH = Phase 

ST = Sweep Start Frequency 
SP = Sweep Stop Frequency 
MF = Sweep Marker Frequency 
TI = Sweep Time 


After receiving a parameter interrogation, the 3325A 
will send back the following the next time it is addressed 
to talk: 


Mnemonic, Data, Delimiter, CR (ASCII Carriage 
Return), LF & EOI (ASCII Line Feed with EOI 
sent simultaneously) 


Mnemonic = The mnemonic of the parameter being in- 
terrogated 


Data = 11 digits of ASCII numerics equal to the value 
of the specified parameter plus decimal point. If the 
value is negative, the first digit is a minus sign. 


Delimiter = The data suffix mnemonic denoting the 
parameter value (see Paragraph 3-120) 


NOTE 


Only one parameter can be interrogated by 
each interrogation message. 


3-150. Interrogating Function (Waveform). 

3-151. The 3325A may be interrogated by the controller 
to determine the current function programmed. The 
programming syntax for interrogating function is: 


I, Mnemonic, EOS 


I = The ASCII character I and indicates interrogation 
desired 
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Operation 


Mnemonic = FU = Function 


After receiving IFU, the 3325A will send back the 
following the next time it is addressed to talk: 


Mnemonic, Data, CR (ASCII Carriage Return), LF 
& EOI (ASCII Line Feed with EOI sent simul- 
taneously) 


Mnemonic = FU 


Data = One ASCII numeric indicating function as 
follows: 

® = DC Only (Offset) 

1 = Sine 

2 = Square 

3 = Triangle 

4 = Positive Slope Ramp 

5 = Negative Slope Ramp 


3-152. Interrogating Miscellaneous Parameters. 


3-153. The other parameters shown below can be inter- 
rogated by the controller to determine their present 
state. The programming syntax is: 


I, Mnemonic, EOS 


I = The ASCII character I and indicates interrogation 
desired 


Valid Mnemonics (parameter to be interrogated): 


SM = Sweep Mode 

RF = Rear or Front Output* 
HV = High Voltage Output* 
MA = Amplitude Modulation 
MP = Phase Modulation 
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*Rear/Front output and High Voltage Output (Option 
002) are mutually exclusive. If either RF or HV is inter- 
rogated, the mnemonic and data returned will indicate 
the actual capability of the instrument and its state. For 
example, if the High Voltage option is present and OFF, 
HV8 will be returned in response to either IRF or IHV. 


After receiving an interrogation, the 3325A will send 
back the following the next time it is addressed to talk: 


Mnemonic, Data, CR (ASCII Carriage Return), LF 
& EOI (ASCII Line Feed with EOI sent simul- 
taneously) 


Mnemonic = The mnemonic of the parameter being in- 
terrogated 


Data = 1 ASCII digit specifying the state of the 
parameter. This is the same digit that would be used to 
program the parameter to that state. 


3-154. Using the Interrogate Capability. 


3-155. When the 3325A is changed from local to remote 
operation or vice versa, it retains its currently pro- 
grammed state until this program is changed by the 
operator or controller. This feature can be useful in set- 
ting up a program string for HP-IB programming. For 
example, using the 3325A in local, the operator can 
determine experimentally the parameters required to 
perform the operation or test desired. Then the 3325A 
can be placed in remote and its function and entry 
parameters interrogated. Each item can be stored by the 
controller and then combined to form the 3325A pro- 
gram string to be incorporated into the total HP-IB pro- 
gram. 


Model 3325A 


3-156. 3325A Programming Procedure. 


3-157. The following examples are given to illustrate 
the basic procedure for developing a program. Program 
examples are shown in Appendix B-3, using the -hp- 
Model 9825A Calculator as the system controller. Ap- 
pendix A-3 diagrams the required messages. 


Example 1: 
Address controller to talk, 
3325A to listen 


Address Controller To 
Talk, 3325A To Listen 


Send Program Data 


Send Program Data 


Example 2: 
Address controller to talk, 
3325A to listen 


Address Controller To 


Talk, 3325A To Listen 


Send Program Data 


Require 
Service 
? 


Send Program Data 


Check for Require Service 
message 


If yes, determine reason 
from 3325A Status Byte 


Take corrective action if 
necessary 


Determine Reason for 
SROQ (Status Byte) 


Operation 


Is 


Action 


Corrective 


Needed 
? 


YES 


Corrective Action 


3-27/3-28 


Model 3325A Appendix A 


APPENDIX A 


SECTION Ill 
META MESSAGES 


BLOCK DIAGRAMMED 


DATA MESSAGE — The Data message is the actual information that is sent from a talker 
to one or more listeners. This action requires the controller to first enter the command mode 
to set up the talker and listener(s) for the transfer of data. The information is then trans- 
ferred in the data mode. 


COMMAND MODE 
ADDRESSING ———_4 


DIO 1-8 

DATA UNLISTEN CONTROLLER TALK 

MESSAGE ? DEVICE LISTEN 
077g 

DEVICE TALK 

CONTROLLER LISTEN 
DEVICE TALK 

ANOTHER DEVICE LISTEN 


TRIGGER — The Trigger message causes all addressed instruments with this capability to 
execute some predefined function simultaneously. 


DATA MODE 


ATN DIO 1-8 
(FALSE) DEVICE DEPENDENT 


DATA 


The 3325A does not have Trigger capability. 


f~—— COMMAND MODE —_ 


DION 8 DIO 1-8 
TRIGGER 
ATN UNLISTEN 
MESSAGE (TRUE : NST ENTADDRESS GBGUE EXeemTe 
(GROUP EXECUTE) 
0773 010g 


U_— appressing ——_ 


REN MUST BE TRUE BEFORE EXE— 
CUTING THE TRIGGER MESSAGE. 


CLEAR — The Clear message may be implemented for addressed devices or for all devices 
on the bus capable of responding. In both cases the controller places the bus in the command 
mode to execute the message. 


COMMAND MODE 


CLEAR 
MESSAGE 


(ALL DEVICES) 
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COMMAND MODE @ 
CLEAR cig Po 1-8 
MESSAGE ot LISTENER ADDRESS . Hes DEVICE 
(SELECTED DEVICE) EAR 
077g 004g 


L_—— appressing — 


REMOTE — Only the system controller can place the device into the Remote operating con- 
dition. To implement the Remote message, the controller must set the REN line true. The 
HP-IB is then in the Remote Enable mode. The controller then sends the listen addresses of 
those devices that are to be placed in the Remote operating condition. Some instruments 
have been designed to enter the Remote mode as soon as REN is true. 


COMMAND MODE 


DIO 1-8 
ATN UNLISTEN 
(TRUE) > LISTEN ADDRESS 
077g 


L___ ADDRESSING ——__I 


REMOTE 
MESSAGE 
(FOR SELECTED 
DEVICE) 


REMOTE MESSAGE 
(ENABLE ONLY) oe (TRUE) 


REN 


LOCAL — The Local message will remove addressed devices from the Remote operating 
mode to local (front panel) control. The controller must place the HP-IB into the command 
mode and address to listen all devices that are to be returned to local. The Local message 
does not remove the HP-IB from the Remote mode, only the listening devices. 


COMMAND MODE 


LOCAL — DIO 1-8 
UNLISTEN DIO 1-8 
MESSAGE —_— - LISTEN ADDRESS GO TO LOCAL 
077g GTL—001g 


L_— appressinc 
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LOCAL LOCKOUT — The Local Lockout message prevents the operator from placing the 
instrument into local control from the front panel. The controller must be in the command 
mode to send the Local Lockout message. 


COMMAND MODE 


LOCAL DIO 1-8 
LOCKOUT LOCAL LOCKOUT 


MESSAGE LLO—021g 


REN MUST BE TRUE BEFORE EXE-— 
CUTING THE LOCAL LOCKOUT MES— 
SAGE. 


CLEAR LOCKOUT AND SET LOCAL — This message removes all devices from the Local 
Lockout mode and causes them to revert to local control. Because the REN line is set false, 
the HP-IB is in the local mode. 


COMMAND MODE 


CLEAR REN 
LOCKOUT/LOCAL FALSE 
MESSAGE 


REQUIRE SERVICE — The Require Service message is implemented by a device setting the 
SRQ line true. The Require Service message and, therefore, the SRQ line is held true until a 
poll is conducted by the controller to determine the cause of the request for service, or until 
the device no longer needs service. 


REQUIRE a SRO 
SERVICE (TRUE} 


MESSAGE 


*REFER TO THE STATUS BYTE MES— 
SAGE FOR THE SPECIFICATIONS 
REQUIRED TO FORCE SRO FALSE. 
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STATUS BYTE — The Status Byte message represents the operational status of a single in- 
strument during a Serial Poll. A controller usually Serial Polls devices in response to a Re- & 
quire Service message. The controller requests device status from one device at a time. The 
status information byte (8 bits) sent by the device will tell whether that device needed service 
and why. A device will stop requesting service upon being Serial Polled, or if it no longer 
needs service. The controller initiates the message by placing the bus into the command 
mode, sending the Serial Poll Enable command, and addressing the specific devices to be 
polled, one at a time. The device then sends its Status Byte and clears the SRQ line provided 
the cause for the require Service message is no longer present. The controller then places the 
bus in the command mode to terminate the message with a Serial Poll Disable command. 


COMMAND MODE 


DIO 1-8 DIO 1-8 
STATUS BYTE ATN UNLISTEN SERIAL POLL 
MESSAGE (TRUE) ? LISTEN ADDRESS ENABLE UA ADDRESS 
077g 030g 


DATA MODE 


D-c 
c-D D-Cc SRO 
FALSE STATUS BYTE (FALSE) 


*THE SRO LINE WILL NO? GO FALSE 
UNLESS THE DEVICE NO LONGER 
REQUIRES SERVICE. 


COMMAND MODE 


DIO 1-8 
ATN SERIAL POLL 
(TRUE) DISABLE 
031g 


STATUS BIT — The Status Bit message is sent by a device to the controller to indicate its 
operational status in response to a Parallel Poll. Parallel Polling consists of the controller re- 
questing one bit of status from each device simultaneously. The Parallel Poll may consist of 
three types of operations: Configuring, Polling, and Unconfiguring. In Configuring, the 
controller assigns each device a logic level and bit (on the bus data lines) for a poll response. 
During polling, each device responds on its assigned data line with the appropriate logic 
level. In Unconfiguring, the controller negates the bit and level assignments for all or 
selected devices. Several devices may be assigned to the same bit and level, causing their 
response bits to be logically ORed or ANDed. 
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STATUS 
MESSAGE BIT 
(CONFIGURE) 


STATUS 
BIT 
MESSAGE 
(POLLING) 


STATUS 
MESSAGE BIT 
(UNCONFIGURE) 


OR 


CONTROLLER TO DEVICE 


PARALLEL 
UNLISTEN C=O POLL 
AIN LISTEN NFIGURE 
(TRUE) ? co 
0778 ADDRESS PPE (058) 


DEVICE TO CONTROLLER 
PARALLEL POLL RESPONSE 
EG! PPR 
MEBUEr STATUS BIT 
FROM DEVICES 


CONTROLLER TO DEVICE 


DIO 1-8 ‘ PARALLEL 


UNLISTEN POLL 
? CONFIGURE 


077. PPD (05g) 


PPE ASSIGNS THE LOGIC LEVEL AND DATA LINE OF 
A DEVICE(S) RESPONSE. 140g THRU 147g ASSIGN 
THE LOW (TRUE) LEVEL AND 150g THRU 1507g 
ASSIGNS THE HIGH (FALSE) LEVEL. 140g AND 150g 
ASSIGNS BIT 2° (DATA LINE 1), 141g AND 157g 
WHICH ASSIGN BIT 27 AND IS THE LAST POSSIBLE 


PARALLEL ASSIGNMENT. 
POLL 


UNCONFIGURE 
PPU (025g) 


The 3325A does not respond to Parallel Poll. 


PARALLEL 
POLL 
ENABLE 

PPE 140g 


THRU 157g 


ATN 
(FALSE) 


£01 
(FALSE) 


PARALLEL 
POLL 
DISABLE 
PPD (160g) 
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PASS CONTROL — The Pass Control message transfers bus management responsibilities 

from the active controller to another controller. In order to pass control, the active con- _ 
troller must enter the command mode, send the talk address, and the HP-IB characters for 

talk control. 


COMMAND MODE 


p10 1-8 * 
PASS DIO 1-8 
UNLISTEN TALK ADDRESSING OF ATN 
Niceedee ? RECEIVING CONTROLLER TAKE CONTROL: (FALSE) 
MESSAGE 011g 
077g 


*THE RECEIVING CONTROLLER TAKES 
CONTROL AT THIS TIME. 


The 3325A does not respond to the Pass Control message. 


ABORT —The system Controller implements the Abort Message to regain control of the 
HP-IB from the active controller. 


1FC 


ABORT —- TRUE 
MESSAGE — (UNADDRESSES 
ALL DEVICES) 
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& APPENDIX B 
SECTION Ill 


PROGRAMMING THE MODEL 3325A 
with the 
MODEL 9825A CALCULATOR 


The following basic examples are provided to assis the operator in developing programs for 
the Model 3325A in an HP-IB system which uses the -hp- Model 9825A Calculator as the 
system controller. The calculator must be equipped with a General I/O ROM and an HP-IB 
Interface set to select code 7. The calculator (controller) normally holds the REN line true, 
unless the ‘‘Icl 7’’ (local) command is sent. REN may be returned to the true state by the 
‘‘rem 7’? (remote) command. 


Example 1: This is a basic program statement which accomplishes the following: 


Address the controller to talk 
Address the 3325A to listen 
Sent Program Data: 
Function: Sine 
Frequency: 5 kHz 
Amplitude: 3 Vp-p 
@ Offset: +1.5 V 


This portion places the bus in the command mode, 
addresses the calculator to talk and the 3325A to 
listen 


Change to data mode 


Function 
ia All alphabetics must 
Amplitude. be capitals 
Offset 


The last parameter programmed can be changed without sending the parameter mnemonic. 
For example, following the program string above, the offset (OF) may be changed to 1 V by 
sending ‘‘1VO’’. 
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Example: 2: This program sets up sweep parameters and initiates a single sweep. 


Address the controller to talk 
Address the 3325A to listen 
Send Program Data: 
Function: Sine 
Amplitude: 3 Vrms 
Start Frequency: 1 kHz 
Stop Frequency: 10 kHz 
Marker Frequency: 5 kHz 
Sweep Time: 2 seconds 
Start Single Sweep 


NOTE 
To start a single sweep the mnemonic ‘‘SS‘‘ must 
be sent twice. The first ‘‘SS’’ sets the 3325A to the 


Start frequency, and the second ‘‘SS’’ starts the 
sweep. 


= Interface select code 
= 3325A address 
Function 
Amplitude 
Start Frequency 
Stop Frequency 
Marker Freq 
Sweep Time 
Start Single 
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Example 3: This example checks the ‘‘Require Service’ status of the 3325A and if it did re- 
& quest service, determines the reason. 


1. Enables all service request conditions. 


2. Program data contains an error. Stop frequency 
(SP15KH) is too large for triangle function (FU3). 


= 3. Wait statement allows time for sweep to start 
@ before reading status. 


4. Read status byte from the 3325A and place in the 
calculator variable ‘‘S’’. 

5 If bit 6 of the status byte = 1, the 3325A did request 
service. Go to subroutine to determine the reason. 


6. Programming continues at this point if the 3325A 


i 
A 
ow 
i 
3 


did not request service or upon returning from the 


i: . subroutine. 
: a 7. If service request resulted from a program string 
piece ater error, interrogate the 3325A to determine the error 
oS oe code and place in the calculator variable ‘‘E’’. 
. ¥ eee 8. Determine the nature of the program error. 
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9. Determine other reason for service request and if 
““Sweeping’’ or ‘‘Busy’’ flags were true. eS 


10. Return from subroutine. 
11. Printer records the results of the serial poll. 
12. If the program string were corrected to make all 


data valid, this printout would result from the above 
program. 


Example 4: The 3325A can be set up manually to the optimum parameters needed for the 
test to be performed, then the calculator can interrogate the 3325A to determine and record 
these parameters. This example program interrogates: 


Function: IFU 

Frequency: IFR 
Amplitude: IAM 
DC Offset: IOF 


Line @ Write statement interrogates Function; read 
statement addresses 3325A to talk, calculator to 
listen, and places data in variable W; ‘‘fxd 6’’ fixes six 
decimal places. 


ction Line 1 Because only numerical data can be placed in 
4 the variables, print statements may include in quotes 
the parameter interrogated. 
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Lines 2 - 7 Other parameters are interrogated. 
Amplitude data acquired by this program does not in- 
dicate the units programmed. Frequency is always 
returned in Hz and DC Offset in Volts. 


This printout results from the above program. 


If the calculator is equipped with a String Variable ROM, the interrogate program may be 
changed to the following. Because string variables accept both alpha and numeric 
characters, the resulting printout includes the mnemonics and delimiters (units). 


1. Dimension a string variable for each parameter 
you want to interrogate. The dimension number (in 
brackets) is the number of spaces assigned to the 
variable. 


2. This printout results when string variables are 
used. 
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Example 5: The 3325A can be made to sweep amplitude (in steps) if a for/next statement is 
used in the calculator program. It is recommended that the upper and lower amplitude limits 
selected be on the same range because irregularities in the sweep will occur if the attenuator 
relays are switched. 


Line @ DC Offset (OF@VO) is programmed to zero 
because any offset would be incompatible with the 10 
V maximum amplitude of this sweep. 


Line 1 The sweep limits (3 to 10) are on the same 
range. The sweep increment is in .1 V steps. Because 
amplitude was the last parameter programmed, the 
write statement does not require the ‘‘AM”’’ 
mnemonic. 


Line 2 The calculator returns to Line 1 until I = 10, then 
proceeds to Line 3. 


Line 3 The sweep decrement is also in .1 V steps. 
Line 5 Return to Line | to continue sweeping. 


The sweep speed is determined by calculator and 3325A data transfer and processing times. If a 
slower sweep time is desired, wait statements may be added before the ‘‘next I’’ statements. 
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MODEL 3325A 


& SYNTHESIZER/FUNCTION GENERATOR 


FUnction 
DC only 0 
Sine 1 
Square 2 
Triangle 3 
Positive Ramp 4 
Negative Ramp 5 

FRequency 

~~ He HZ 
kHz KH 
MHz MH 

AMplitude 

~~ Volts p-p vO 
mVp-p MV 
Vrms VR 
mVrms MR 
dBm DB 

DC OF fset 
Volts vO 
mV MV 

PHase 


@ “Degrees DE 


Sweep STart Frequency 
Sweep StoP Frequency 


Sweep Marker Frequency 


Sweep TIme 
Seconds SE 
Sweep Mode 
Linear 1 
Logarithmic 2 
StoRe Program 
09-9 
REcall Program 
@-9 
Rear or Front Panel Output 
Front 1 
Rear 2 


Execution Functions 
Assign Zero Phase 
Perform Amptd Cal 
Start Single* 


Start Continuous 
& Perform Self TEst 


(ASCII Characters) 


HP-IB PROGRAMMING CODE 


High Voltage Output 


On 
Off 


Amplitude Modulation —- MA 


On 
Off 


1 
0 


1 
® 


Phase Modulation — MP 


On 
Off 


Data 


| WOAAIADUNHBWNB 


.(Decimal) 


Interrogate Operations 


Function 
Frequency 
Amplitude 
Offset 

Phase 

Swp Start Freq 
Swp Stop Freq 
Swp Mkr Freq 
Sweep Time 
Sweep Mode 
Rear/Front Out 
High Volt Out 
Error 

Program Mode 
Amptd Mode 
Phase Mode 


1 
0 
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Appendix B 


Error Codes (See Paragraph 3-146) 


. Invalid delimiter 


AnhWwnn 


. Entry parameter out of bounds 


. Frequency too large for function 
. Sweep time too small or too large 
. Offset and amplitude incompatible 


6. Sweep frequency or bandwidth error 


7. Unrecognizable mnemonic 


8. Unrecognizable data character 
9. Option does not exist 


*Start Single code must be sent twice ‘‘SSSS’’. The first ‘‘SS’’ resets the sweep to start conditions and 


the second ‘‘SS’’ starts the sweep. 


B-7 


8-4 


CLEAR 
LOCAL 


AND SET LOCAL 


STATUS BIT 
PASS CONTROL 


*S=SEND ONLY 


R=RECEIVE ONLY 


SR*SEND AND RECEIVE 


N=NOT IMPLEMENTED 
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Performance Tests 


SECTION IV 
PERFORMANCE TESTS 


4-1. INTRODUCTION. 


4-2. This section contains tests which are in-cabinet 
procedures to determine whether the instrument is 
operating properly. In the Operating and Service 
Manual two sets of procedures are provided: 


a. Operational Verification procedures which are 
recommended for incoming inspection and general 
after-repair tests. 


b. Performance Tests which compare the instrument 
operation to the specifications listed in Table 1-1. 
The Operating Supplement contains only the Opera- 
tional Verification Procedures. 


4-3. CALCULATOR-CONTROLLED TEST. 


4-4. The only calculator-controlled test in these pro- 
cedures tests the HP-IB interface circuits for proper 
operation. All input and output lines are tested. The 
program used for this test is written specifically for the 
-hp- Model 9825A Calculator but may be adapted to 
other controllers. The calculator prints the test results. 
This test is recommended for both the Operational 
Verification Checks and the Performance Tests. 


4-5. OPERATIONAL VERIFICATION. 


4-6. The following procedures are recommended for in- 
coming inspection and for testing the instrument after 
repair. Additional tests to be performed following 
repair of certain circuits are indicated in Section VIII. 
An Operational Verification Record is located at the 
end of this section. For ease of recording the test data at 
various times, copies of the blank Operational Verifica- 
tion Record may be made without written permission 
from Hewlett-Packard. 


4-7. Operational Verification includes the following 
procedures: 


Par. No. Test 
4-10 Self Test 
4-12 Sine Wave Verification 
4-14 Square Wave Verification 
4-16 Triangle and Ramp Verification 


4-18 Amplitude Flatness Check 
4-20 Sync Output Check 


4-22 Frequency Accuracy 

4-24 Output Level and Attenuator Check 
4-26 Harmonic Distortion Test 

4-28 Close-in Spurious Signal Test 


4-30 HP-IB Interface Test 


4-8. Required Test Equipment. 


4-9. A list of test equipment required for the Opera- 
tional Verification procedures is given in Table 4-1. Any 
equipment that satisfies the critical specifications given 
in the table may be substituted for the recommended 
model. 


4-10. Self Test. 


4-11. This test uses the control, ROM, and control 
clock circuits to verify operation of these and other cir- 
cuits. The following front panel indications result from 
this test. 


LED check: Turns on all LED’s for about two 
seconds 


The following messages are displayed for about 
one second: 


OSC FAIL - displayed only if the VCO is not con- 
trolled (displayed continuously after test) 


PASS or FAIL 1 - tests AMPTD CAL of sine 
wave 
PASS or FAIL 2 - tests AMPTD CAL of square 
wave 


PASS or FAIL 3 - tests AMPTD CAL of triangle 


Press the blue entry prefix key, then press SELF TEST 
(AMPTD CAL) key. All LED’s should light, and the 
display should not indicate any failures. 


4-12. Sine Wave Verification. 


4-13. This procedure visually checks the sine wave out- 
put for the correct frequency and any visible ir- 
regularities. 


Equipment Required: Oscilloscope (-hp- Model 1740A) 


a. Connect the 3325A signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp- 
Model 1740A, set the input switch to the 50-ohm posi- 
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm Feed- 
thru Termination) at the input. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002)..... Off 


PUNCHON ees een intone oe eae eee eee Sine 
ITEQUEN CY teeters torrie ere 20 MHz 
AAMPtUGe Ss crccae sccm ese eer 10 V p-p 
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Table 4-1. Test Equipment Required for Operational Verification. 


Vertical: 


Oscilloscope 


Horizontal: 


Electronic Counter 


DC Digital Voltmeter 


High Frequency 
Spectrum Analyzer 


Low frequency 
Spectrum Analyzer 


or — 140 dBv 


Adapter 


Calculator 


Resistor 


c. Set the oscilloscope vertical control to 2 V/div, 
horizontal to .05 ys/div. 


d. The oscilloscope should display one cycle per divi- 
sion, approximately five divisions peak-to-peak. 


e. Change 3325A frequency to 1 MHz. 


f. Change oscilloscope horizontal control to .1 
ps/div. 


g. The oscilloscope should display one sine wave hav- 
ing no visible irregularities. 


High Voltage Output (Option 002) 
h. Set the oscilloscope vertical control to 5 V/div. 


i. Set the oscilloscope input switch to 1 MQ dc coupl- 
ed position (or disconnect external 50-ohm load). 
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Critical Specifications Recommended Model 


Bandwidth: dc to 100 MHz 
Deflection: 1 V to 5 V/div 


Sweep: .O5us to 1 s/div 
External Sweep Input 


Frequency measurement to 20 MHz 
Accuracy: +2 counts 
Resolution: 8 digits 


Ranges: 0.1 V to 100 V 
Resolution: 6 digits 
Accuracy: +0.1% 


50-ohm load Accuracy: +0.2% -hp- 11048C 
Power Rating: 1 W 


Frequency Range: 1 MHz to 80 MHz 
Amplitude Accuracy: +0.5 dB 

Noise: > 70 dB below reference 
Frequency Range: 100 Hz to 50 kHz 


Amplitude Range: 2 m V to 20 V 
Noise: >80 dB below input reference 


[Resistor 56.20 1/8W 1.0% -hp- 0757-0395 
BNC female-to-dual banana plug -hp- 1250-2277 


HP-IB Control Capability 


4702 2W 5% 


-hp- 1740A 


-hp- 5328A 
with Opt. 040 or 041 


-hp- 3455A 


-hp- 141T/8552B/8553B/ 
8566A/8568A 


-hp- 3580A/3585A 


-hp- 9825A with 
98034A Interface, 
General I/O ROM, 
Extended I/O ROM 


-hp- 0698-3634 


j. Press 3325A High Voltage Output key (lower right 
corner of front panel). 


k. Change 3325A amplitude to 40 V p-p. The 
oscilloscope should display one sine wave approximate- 
ly eight divisions peak-to-peak having no visible ir- 
regularities. 


1. Press the High Voltage Output key again to turn the 
option off. 


4-14. Square Wave Verification. 


4-15. This procedure checks the square wave output for 
frequency, rise time, and abberrations. 


Equipment Required: Oscilloscope (-hp- Model 1740A) 


Model 3325A 


a. Connect the 3325A signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp- 
Model 1740A, set the input switch to the 50-ohm posi- 
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm Feed- 
thru Termination) at the input. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
PUnCtHON 4 cceenesracaner com erenees Square 
ROQUENCY sco tecearsczis crs ieevccss eerecareac 1 MHz 
PAM PNtUGe eserves eters oreo croncroxoiel oeeeve ers 10 V p-p 


c. Set the oscilloscope vertical control to 2 V/div, 
horizontal to .2 us/div. The oscilloscope should display 
two square waves, approximately five divisions peak-to- 
peak. 


d. Switch the oscilloscope vertical control to 1 V/div. 
so that the abberrations (overshoot and ringing) can be 
measured. Aberration excursion should be less than 500 
mV (% div.). 


e. Repeat Step d at 2 kHz and .1 ms/div. 


f. Adjust the oscilloscope vertical and horizontal 
controls so that the square wave rise time between the 
10% and 90% points can be measured. Rise time should 
be less than 20 nanoseconds. 


4-16. Triangle and Ramp Verification. 


4-17. This procedure checks the triangle and ramp out- 
put signals for frequency, shape, and ramp retrace time. 


Equipment Required: Oscilloscope (-hp- Model 1740A) 


a. Connect the 3325A signal output to the oscilloscope 
vertical input. If the oscilloscope is an -hp- Model 1740A, 
set the input switch to the 50-ohm position. If your oscil- 
loscope does not have a 50-ohm input, use a 50-ohm load 
(-hp- Model 11048C 50-ohm Feedthru Termination) at 
the input. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
IPUNCHLOM eaivtetecesserero ses tars eke teie Triangle 
IPPEQUENCY.« cas ra ee ee suisse cee 10 kHz 
Ampltude: 95.5 .c554¢s000000 test 10 V p-p 


c. Set the oscilloscope vertical control to 2 V/div, 
horizontal to .1 ms/div. The oscilloscope should display 
one triangle wave per division, approximately five divi- 
sions peak-to-peak. 


d. Change the 3325A function to positive slope ramp. 
The display should be one ramp per division, approxi- 
mately five divisions peak-to-peak. 
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e. Change 3325A function to negative slope ramp. 
The display should be one ramp per division, approx- 
imately five divisions peak-to-peak. 


f. Change the oscilloscope horizontal and vertical 
controls so that the ramp retrace time from the 90% to 
10% points can be measured. Retrace time should be 
less than 3 ps. 


g. Change 3325A function to positive slope ramp and 
repeat Step f. 


h. Change 3325A function to triangle. 


i. Set oscilloscope vertical control to 2 V/div, 
horizontal to 10 ys/div. The oscilloscope should display 
one triangle wave with no visible irregularities in either 
slope. 


4-18. Amplitude Flatness Check. 


4-19. This procedure provides a visual check of the sine 
wave amplitude flatness. 


Equipment Required: Oscilloscope (-hp- Model 1740A) 


a. Connect the 3325A _ signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp- 
Model 1740A, set the input switch to the 50-ohm posi- 
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm Feed- 
thru Termination) at the input. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
UTI CHON eer to eee ci re Sine 
PLeQuency ss sco seers sos erececseseren « 2 kHz 
ANIM PMLUGO es cry ore cater enue seis ee 10 V p-p 
Sweep Start Pred, jen csie a erie cnueatsiae 6 @ Hz 
SweepiStop Fred). oc. ccs coca ave oer as 20 MHz 
Sweep Marker Freq ............... 5 MHz 
SWeep Pime nos eee nee tes 01 sec 


c. Connect the 3325A X-Drive output to the oscillo- 
scope’s channel B input. Connect the 3325A signal out- 
put to the oscilloscope’s channel A input. 


* d. Set the oscilloscope as follows: 


DISDIAV ceseatecaccr spare ier eee Orla sine eeoeiee acorns Avs B 

Channel! .A Sensitivity. ....c:6c:e-6sciee acre 1V/div 
(uncal - adjust for full vertical deflection) 

Channel B: Sensitivity <<. 26.0. 46 os eceeerers 0.5V/div 


(uncal - adjust for full horizontal sweep) 


* Settings may vary from one oscilloscope to another. 
Note that whichever scope is used, it should be operated 
in a ‘‘X-Y’’ mode, with the 3325A X-Drive output driv- 
ing the horizontal (X) sweep and the signal output driv- 
ing the scope’s vertical (Y) channel. 
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e. Press the 3325A START CONT key. 


f. The oscilloscope display should show a sweep that 
is essentially flat, dropping no more than 3.5%. Any D.C. 
variations should be ignored, taking the peak-to-peak 
reading for flatness comparison. 


4-20. Sync Output Check. 
4-21. This test verifies the sync output signal levels. 
Equipment Required: Oscilloscope (-hp- Model 1740A) 


a. Connect the 3325A sync output to the oscilloscope 
vertical input. If the oscilloscope is an -hp- Model 
1740A, set the input switch to the 50-ohm position. If 
your oscilloscope does not have a 50-ohm input, use a 
50-ohm load (-hp- Model 11048C 50-ohm Feedthru Ter- 
mination) at the input. 


b. Set the 3325A function to sine, frequency to 20 
MHz. 


c. Adjust the oscilloscope controls to measure the 
high and low voltage levels of the sine square wave. The 
high level should be greater than +1.2 V and the low 
level should be less than +0.2 V. 


4-22. Frequency Accuracy. 


4-23. This test compares the accuracy of the 3325A out- 
put signal to the specification in Table 1-1: +5 x 10-6 
of selected frequency. 


Equipment Required: Electronic Counter (-hp- Model 
5328A, calibrated within three months or with an 
accurate 10 MHz external reference input) 


a. Connect the 3325A signal output to the electronic 
counter channel A input with a 50 2 load. Allow 3325A 
and counter to warm up for 20 minutes. 


b. Set the 3325A output as follows: 


RUTIGEIOM eeraaystteteronete ohare estore eesner terete: Sine 
RIEQUENCY craic mae neato ee tas 20 MHz 
AMpltUde? ps5 crics pieceminraieces 0.99 V P-P 
WD GlOTSER eae ete en tmeen rere OV 


c. Set the counter to count the frequency of the A input 
with 0.1Hz resolution, and adjust for stable triggering. 
Electronic counter should indicate 20 000 000.0Hz 
+ 100Hz. 


d. Change 3325A function to square wave. Frequen- 
cy automatically changes to 10 MHz. Electronic counter 
should indicate 10 000 000.0 Hz +50 Hz. 


e. Change 3325A function to triangle. Frequency auto- 
matically changes to 10kHz. Move the counter input to 
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the sync output of the 3325A. Set the counter to average 
1000 periods. Electronic counter should indicate 100 
000.00ns +0.5ns. 


f. Change 3325A function to positive slope ramp. 
Electronic counter should indicate 100,000 ns + .5 ns. 


4-24. Output Level and Attenuator Check. 


4-25. This procedure checks the output level and the at- 
tenuator by using the ‘‘dc only’’ function. 


Equipment Required: 
DC Digital Voltmeter (-hp- Model 3455A) 
50-ohm Feedthru Termination (-hp- Model 11048C) 


a. Connect the 3325A signal output through a 
50-ohm feedthru termination to a dc digital voltmeter 
input. 


b. If the instrument has High Voltage Output Option 
002, make sure the High Voltage Output is Off (High 
Voltage indicator light in the center of the ‘‘SIGNAL”’ 
key in the lower right corner of the front panel if Off). 


c. Press whichever function key is presently active, 
indicated by a lighted indicator in the center of the key. 
This removes the ac output. The indicator in the center 
of the DC OFFSET key should light. 


d. Set the 3325A dc offset to -5 V, then press the 
AMPTD CAL key. 


e. The dc digital voltmeter reading should be -4.980V 
to -5.020V. 


f. Change 3325A dc offset to (+)5 V. Digital 
voltmeter reading should be +4.980 V to +5.020 V. 


g. Change 3325A dc offset to the following voltages. 
The voltmeter readings should be within the tolerances 
shown. 


DC Offset Tolerances 
+1.499 V + 1.49300 to 1.50499 V 
+499.9 mV +0.49790 to 0.50190 V 
+149.9 mV + 0.14930 to 0.15050 V 

+ 49.99 mV +0.04979 to 0.05019 V 
+14.99 mV +0.01493 to 0.01505 V 
+4.999 mV +0.004979 to 0.005019 V 
+1.499 mV +0.001479 to 0.001519 V 


High Voltage Output Option 002 DC Offset 


h. Remove the 50-ohm feedthru termination and 
connect the 3325A output directly to the digital 
voltmeter input. 
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i. Press the ‘‘SIGNAL”’ key in the lower right corner 
of the 3325A front panel to select High Voltage Output 
(Option 002). Lighted indicator in the center of this key 
indicates High Voltage Output is on. 


j. Set 3325A dc offset to 20 V. Digital voltmeter 
reading should be + 19.775 V to +20.225 V. 


k. Set 3325A dc offset to —20 V. Digital voltmeter 
reading should be — 19.775 V to — 20.225 V. 


4-26. Harmonic Distortion Test. 


4-27. This procedure tests the harmonic distortion of 
the 3325A sine wave output against the following 
specifications from Table 1-1. 


Harmonic Distortion (relative to fundamental) 


Fundamental No Harmonic 
Frequency Greater Than 
0.1 Hz to 50 kHz — 65 dB 
50 kHz to 200 kHz — 60 dB 
200 kHz to 2 MHz —40 dB 
2 MHz to 15 MHz — 30 dB 
15 MHz to 20 MHz —25 dB 


Equipment Required: 

High Frequency Spectrum Analyzer (-hp- Model 141T/ 
8552B/8553B/8566A/8568A) 

Low Frequency Spectrum Analyzer 
(-hp- Model 3580A/ 3585A) 

50-ohm Feedthru Termination (-hp- Model 11048C) 

Resistor 4700 2W 5% (-hp- 0698-3634) 

Resistor 56.20 1/8W 1% (-hp- 0757-0395) 
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a. Set the 3325A output as follows: 


High Voltage Output (Option 002) ..... Off 
RUTIGCLONN segs teers ars te etter eee teria Sine 
EREQUENGCY: ag via cssetsotcesisuis wee 20 MHz 
PATINPLICILLS weetcr cytes sich e eee aetet ren: 999mVp-p 


b. Connect the 3325A signal output to the high fre- 
quency spectrum analyzer’s 50 ohm input. 


c. Set the spectrum analyzer controls to display the fun- 
damental and at least four harmonics. Verify that all har- 
monics are 25dB below the fundamental. 


d. Set the 3325A to the following frequencies and verify 
that all harmonics are below the specified levels, relative 
to the fundamental. 


15 MHz —30dB 
2 MHz — 40 dB 
200 kHz — 60 dB 


e. Disconnect the 3325A from the high frequency spec- 
trum analyzer and connect it to the low frequency spec- 
trum analyzer’s 5O ohm input. 


f. Set the 3325A frequency to 50kHz and the ampli- 
tude to 9.99mVp-p. 


g. Set the spectrum analyzer controls to display the fun- 
damental and at least three harmonics. (It may be neces- 
sary to decrease the analyzer’s video bandwidth to 
separate the harmonics from the noise floor.) Verify that 
all harmonics are at least 65dB below the fundamental. 


LOW FREQUENCY 
SPECTRUM ANALYZER 


Figure 4-1. Harmonic Distortion Verification 
(High Voltage Output). 
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h. Set the 3325A to the following frequencies and verify 
that all harmonics are 65dB below the fundamental. 


10kHz 
1kHz 


100Hz 


High Voltage Output (Option 2) 


i. Connect the 3325A signal output to the low fre- 
quency spectrum analyzer’s 500 input. (See Figure 4-1.) 


j. Press the ‘‘high voltage output’’ key on the 3325A. 
Set the amplitude to 40Vp-p and the frequency to 100Hz. 


k. Set the spectrum analyzer controls to display the fun- 
damental and at least three harmonics. Verify that all har- 
monics are 65dB below the fundamental. 


1. Set the 3325A to the following frequencies and verify 
that their harmonics are below the specified levels, rela- 
tive to the fundamental. 


10kHz -65dB 
200kHz -60dB 


IMHz _~ -40dB 


m. Press the high voltage output key to deactivate the 
high voltage output. 


4-28. Close-In Spurious Signal Test. 


4-29. This procedure tests the sine wave output for 
spurious signals which may be generated by the 3325A 
frequency synthesis circuits. The spurious signals must 
be more than 70 dB lower than the fundamental signal. 


Equipment Required: Spectrum Analyzer (-hp-3585A/ 
8566A/8568A) 


a. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
PUNCUON .o.ncesske cea vent eete ene Sine 
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INLeQUENCY eer oa acmire eee 20.001MHz 
AMplitiderr nce tere ee -2.99dBm 
DG Olfset Wein sn catce ee nee eteos pica OV 


b. Connect the 3325A signal output to the spectrum 
analyzer’s 50 ohm input. 


c. Set the spectrum analyzer controls for a center fre- 
quency of 20.001MHz, a resolution bandwidth of 30Hz, 
a 100Hz/div frequency span, with the fundamental refer- 
enced to the top of the display graticule. 


d. Set the spectrum analyzer center frequency to 
20.002, 20.003, and 20.004MHz, verifying in each case 
that all spurious signals are more than 70dB below the 
fundamental. 


4-30. HP-IB Interface Test. 


4-31. The following calculator program tests the opera- 
tion of the 3325A HP-IB interface circuits. The pro- 
gram is written for an -hp- Model 9825A calculator but 
may be adapted for other controllers. 


Equipment Required: 
-hp- Model 9825A Calculator equipped with: 
98034A HP-IB Interface (set to select code 7) 
Any combination of ROM’s that includes a General 
I/O ROM and an Extended I/O ROM 


a. Connect the calculator interface cable to the 
3325A rear panel HP-IB connector. It is recommended 
that no other equipment be connected to this HP-IB 
during this test. 


b. Enter the program into the calculator. 


c. Press RUN. Tests 4 through 7 in this program re- 
quire the operator to press CONTINUE if the test 
passes, or 1 CONTINUE if the test fails. If the Test 4 
question (SRQ LIGHT ON?, 1 = NO) does not appear 
in the calculator display within 30 seconds after start of 
the program (RUN), the 3325A and calculator are not 
interfacing properly. The calculator may display an er- 
ror indication that will identify the problem. If not, the 
3325A HP-IB circuits are probably not operating cor: 
rectly. 
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@ PROGRAM FLOWCHART 
Enter 3325A Bus Address 
Perform Self Test 


NO 


Instrument Returns To Known Conditions After Self 
Test 


Test 1 — Did Frequency Go To 1000 Hz? Freq = 1000 Hz? ERROR 


Program: 
Freq = 1234.56789 Hz 
AMPTD = 50 mV 


NO 


Is 


Test 2 — Interrogate Frequency Frequency ERROR 
Correct 
Is NO 
Test 3 - Interrogate Amplitude Amplitude ERROR 
Correct 
Program Sweep: 
1 kHz to 10 kHz 
10 sec, Enable Mask 
Test 4 - Test SRO Circuits = he 
Light On ERROR 
Test 5 — Test Talk Circuits ERROR 
P i Listen 
Test 6 - Test Listen Circuits Light On ERROR 
Test 7 - Test Remote Circuits ERROR 


Print Results 
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wet 


+ 
Ba! 


hy 
Fis H 
Hit. 


red 
ue 


A: "SRS 


"TAM" 
Asi lars 


Model 3325A 


a eas ar 


Clear the 3325A to Turn-on State 
Set HP-IB Remote Enable (Select Code 7) 


* Perform Self Test 


Wet He f Interrogate Frequency 
red Aap Read 3325A Frequency 
if FRIGGes tard Compare Frequency to 1000 Hz 


ace Br Ry ke fd BAL fe ANSP " 


Store Settings in Register 3 


M4 ee ee the 3325A 


call Settings in Register 3 


Interrogate Frequency 
Read Frequency 
ssf Compare to Frequency Stored 


Interrogate Amplitude 
Read Amplitude 
—— Compare to Amplitude Stored 


—— Set Freq to 1234.567890 Hz, Amptd to 50mV @ 


Fi ee fm 
se =: 
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eae 
Se “STLEM SFLISEH SM1 TILASE MSF SSSs"lin Sweep 1—10kHz, Enable SRO Mask 
=i le) ¢ RO S Clear Interface, Interface to Local 

: "yrdo Did 3325A Initiate SRO? 


Read Status into Variable 5 
Set Remote Enable 
Read from the 3325A 
PALE LOTGHT OAs l=Ho"s ek ———— Did 3325A respond to Talk Command? 


Set 


Write to the 3325A, Interface to Local 
STEM LIGHT OSs 1a" « r& —— Did 3325A respond to Listen Command? 


Remote Interface, Write to 3325A, 
Clear Interface 
Did the 3325A Respond to Remote? 


1 Fe, 


Ca 
= 


a 

E; 

Si Re. 

Bebe af ae kok —————————— Print Results of Tests 
aos if ’ a Bl ae 

wee if ee en 

Bro ofr h "#34 EE EE ee 

SS opr Ei Self Contained Program may be 
Ecuas g rid Linked or Used as a Subroutine 
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Variables used in this Test Program: 


A Address of 3325A (defaults to 717) 

F Frequency read from 3325A in test #1 

G_ Frequency read from 3325A in test #2 

H Amplitude read from 3325A in test #3 

| Counter used to print test results 
r1-r7_ Test results (O=Pass, 1 = Fail) 

S Status read from 3325A in test #5 


Samples of Program Printouts: 


TEST 1 TEST i 
PASS PASS 

TEST = TEST 2 
PaaS PASS 

TEST z eS 3 
PASS Pres 

TEST 4 TEST * 
FATL PSs 

TES, a Soh ss 


aS Tt 2 = 
Prod me a 
Tox = = 
PEST : i 
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4-32. PERFORMANCE TESTS. 4-43 Amplitude Modulation Envelope Distor 
tion 
@ 4-33. The following procedures compare the instrument 4-45 Square Wave Rise Time and Aberrations 
operation to its specifications, listed in Table 1-1. A 4-47 Ramp Retrace Time 
Performance Test Record is located at the end of this 4-49 Sync Output 
section. This Test Record lists all of the tested specifica- 4-51 Square Wave Symmetry 
tions and the acceptable limits. For ease of recording 4-53 Frequency Accuracy 
data at various times, copies of the blank Performance 4-55 Phase Increment Accuracy 
Test Record may be made without written permission 4-57 Phase Modulation Linearity 
from Hewlett-Packard. 4-59 Amplitude Accuracy 
4-61 DC Offset Accuracy (DC Only) 
4-34. The Performance Tests include the following: 4-63 DC Offset Accuracy with AC Functions 
4-65 Triangle Linearity 
Par No. Test 4-67. XX Drive Linearity 


ee 2 4-69 Ramp Period Variation 
pa Harmonic Distortion 4-71 HP-IB Interface Test 
4-39 Spurious Signal Tests 


4-41 Integrated Phase Noise 


Table 4-2. Test Equipment Required For Performance Tests. 


aa Critical Specifications Recommended Model 


High Frequency -hp- 141T/8552B/8553B/ 
Spectrum Analyzer 8566A/8568A 


Frequency Range: 1 kHz to 80 MHz 
Amplitude Accuracy: +0.5 dB 
Noise: > 70 dB below reference 


50-ohm Load Accuracy: +0.2% -hp- Model 11048C 
Power Rating: 1 W 


56.20 1/8W 1.0% -hp- 0757-0395 


Low Frequency Frequency Range: 20Hz to 50kHz -hp-3580A/3585A 
Spectrum Analyzer Amplitude Accuracy: + 0.5dB 
Spurious Responses: 80dB below reference 


Sine Wave Signal 
Source 


Frequency Range: 1 MHz to 21 MHz 
Amplitude Range: to + 13.01 dBm 
Output Impedance: 5002 
Phase Noise (Integrated): 

9.9 MHz: < —63 dB 

20 MHz: < —70 dB 
Spurious: > 75 dB below fundamental 


Double Balanced Mixer Impedance: 50 2 -hp- 10534A 
Frequency Range: 1 MHz-20 MHz 


AC/DC Digital AC function (True RMS) -hp- 3455A 
Voltmeter Ranges: 1 V to 100 V 
Accuracy: +0.2% 
Resolution: 6 digits 
Crest Factor: 4:1 
DC Function 
Ranges: 0.1 V to 100 V 
Accuracy: +0.05% 
Resolution: 6 digits 


1 MHz Low Pass Filter Cut-off Frequency: 1 MHz F882 1MHz LPF 
Stopband Atten: 50 dB by 4 MHz Allen Avionics, Inc. 
Stopband Freq: 4 MHz-80 MHz 224 E Second St. 
Mineola, NY 11501 


15 kHz Filter Consisting of: 
Resistor: 10 k2Q 1% -hp- 0757-0340 
Capacitor: 1600 pF 5% -hp- 0160-2223 


4700 2W 5% ‘np 0698-3634 


AC Voltmeter Ranges: 0.1 V to 1 V -hp- 400FL 


Frequency Range: 2] Hz-1 MHz 
Sine Wave Signal -hp- 204C 


-hp- 3335A 


Meter: Log scale 
Acc (100 Hz to 10 kHz): + 1% 
Frequency: 10 kHz 


Amplitude: 1 V rms into 20 kQ 
Distortion: — 60 dB 


Input Impedance: = 1 MQ 
Source 
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Table 4-2. Test Equipment Required For Performance Tests (Cont'd). 


Critical Specifications Recommended Model 


Oscilloscope Vertical: -hp- 1740A 


Bandwidth: dc to 100 MHz 
Deflection: 1 V to 5 V/div 
Electronic Counter -hp- 5328A 
With Option 040 or 041 


Horizontal: 
Sweep: 0.05 us to 1 s/div 
-hp- 6214A 
-hp- 11050A 


x 10 magnification 
-hp- 0699-0090 
-hp- 0698-7169 


-hp- 0160-2207 


Frequency measurement 
Frequency Range: to 20 MHz 
Resolution: 8 digits 
Accuracy: + 2 counts 

Time Interval Average A to B 

Resolution: 0.01 ns 


Volts: 0 to +5 V 
Amps: 10 mA 
Floating Output 


DC Power Supply 


Thermal Converter Input Impedance: 50 2 
Input Voltage: 1 V rms 

Frequency: 2 kHz to 20 MHz 

Frequency Response: +0.05 dB 2 kHz to 


20 MHz 


Consisting of: 
2 Resistors: 61.11 2.1% 1/4 W 
2 Resistors: 36.55 2 .1% 1/8 W 
Capacitor: 300 pF 5% 
Consisting of: 

3 Resistors: 13302 .1% 1/4 W -hp- 0698-7453 
Resistor: 430 .1% 1/8 W -hp- 0698-8264 


High-Speed DC DC Voltage: Oto + 10 V -hp- 3437A 
Digital Voltmeter External Trigger: Low True 
TTL Edge Trigger 
Trigger Delay: Selectable 10 us to 140 us 
BNC-to-Triax 50 ohm -hp- 1250-0595 Adapter 
Adapter or 11172A RF Cable 
Resistive Divider Consisting of: 


+ 2.5 Resistor: 302 1% 1/4 W -hp- 0698-7533 
Resistor: 202 1% 1/4 W -hp- 0698-6296 


Resistive Divider Consisting of: 
+ 2.6 Resistor: 100 kQ 1% 1/8 W -hp- 0757-0465 
Resistor: 162 kQ 1% 1/8 W -hp- 0757-0470 


Calculator HP-IB Control Capability -hp- 9825A with 


98034A Interface, 
General I/O ROM, 


Extended I/O ROM 
4-35. Equipment Required. 


Resistive Divider 


Resistive Divider 


Female BNC-to-Dual Banana Plug 
BNC Tee 


0-12dB; 1dB steps 


Harmonic Distortion (relative to fundamental) 


-hp- 1250-2277 
-hp- 1250-0781 


-hp- 355C 


4-36. The test equipment required for the Performance 


Tests is listed in Table 4-2. Any equipment that satisfies Fundamental No Harmonic 
the critical specifications given in the table may be Frequency Greater Than 
substituted for the recommended model. 

0.1 Hz to 50 kHz —65 dB 
4-37. Harmonic Distortion Test. 50 kHz to 200 kHz — 60 dB 

200 kHz to 2 MHz —40 dB 
4-38. This procedure tests the harmonic distortion of 2 MHz to 15 MHz — 30 dB 
the 3325A sine wave output against the following 15 MHz to 20 MHz —25 dB 


specifications from Table 1-1. 
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Equipment Required: 

High Frequency Spectrum Analyzer (-hp- Model 
141T/8552B/8553B/8566A/8568A) 

Low Frequency Spectrum Analyzer 
(-hp- Model 3580A/3585A) 

50-ohm Feedthru Termination (-hp- Model 11048C) 

Resistor 4700 2W 5% (-hp- 0698-3634) 

Resistor 56.20 1/8W 1% (-hp- 0757-0395) 


a. Set the 3325A output as follows: 


High Voltage Output (Option 002) ..... Off 
IRUNCCLON re siescaseceisneiseotesroe ontersicrsanare Sine 
Brequency sac ccccisa. seat oscu cose 20 MHz 
Aim plitude ia.c core onersie oer oie sero: s rete 999mVp-p 


b. Connect the 3325A signal output to the high fre- 
quency spectrum analyzer’s 50 ohm input. 


c. Set the spectrum analyzer controls to display the fun- 
damental and at least four harmonics. Verify that all har- 
monics are 25dB below the fundamental. 


d. Set the 3325A to the following frequencies and verify 
that all harmonics are below the specified levels, relative 
to the fundamental. 


15 MHz —30dB 
2 MHz — 40 dB 
200 kHz — 60 dB 


e. Disconnect the 3325A from the high frequency spec- 
trum analyzer and connect it to the low frequency spec- 
trum analyzer’s 50 ohm input. 


f. Set the 3325A frequency to 50kHz and the ampli- 
tude to 9.99mVp-p. 


g. Set the spectrum analyzer controls to display the fun- 
damental and at least three harmonics. (It may be neces- 
sary to decrease the analyzer’s video bandwidth to 
separate the harmonics from the noise floor.) Verify that 
all harmonics are a least 65dB below the fundamental. 


h. Set the 3325A to the following frequencies and verify 
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that all harmonics are 65dB below the fundamental. 


10kHz 
1kHz 
100Hz 


High Voltage Output (Option 2) 


i. Connect the 3325A signal output to the low fre- 
quency spectrum analyzer’s 50Q input. (See Figure 4-1.) 


j. Press the ‘‘high voltage output’’ key on the 3325A. 
Set the amplitude to 40Vp-p and the frequency to 100Hz. 


k. Set the spectrum analyzer controls to display the fun- 
damental and at least three harmonics. Verify that all har- 
monics are 65dB below the fundamental. 


1. Set the 3325A to the following frequencies and verify 
that their harmonics are below the specified level, rela- 
tive to the fundamental. 


10kHz -65dB 


200kHz -60dB 


IMHz_ -40dB 


m. Press the high voltage output key to deactivate the 
high voltage output. 


4-39. Spurious Signal Tests. 


4-40. This procedure tests the 3325A sine wave output 
for spurious signals. Circuits within the 3325A may gener- 
ate repetitive frequencies that are not harmonically related 
to the fundamental output frequency. All spurious sig- 
nals must be more than 70dB below the fundamental sig- 
nal or less than -90dBm, whichever is greater. 


Equipment Required: 
Spectrum Analyzer (-hp- Model 3585A/8566A/ 
8568A) 


SPECTRUM ANALYZER 


Figure 4-2. Mixer Spurious Test 
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Mixer Spurious Test 


a. Connect the 3325A signal output to the spectrum 
analyzer 50 ohm (RF) input and the 3325A EXT REF 
input to the analyzer’s 10MHz reference output. (See 
Figure 4-2.) 


b. Set the 3325A as follows: 


MUNCHONE cee nocrcc nec cc ae aes Sine 
Atm plitider cae ares eminence ee -20dBm 
ERCQUCNCY sncsecn ree ene 2.001MHz 


c. Set the analyzer controls as follows: 


Center Frequency. : 3s cs sear cscineus 2.001MHz 
FICQUENCY Spall casa csmanniais neu eas ess 1kHz 
WideOEBWilan ae an accion enone eine 100Hz 
Resolution) BW! ccc srensmsaeewewien ne 30Hz 


d. Adjust the spectrum analyzer to reference the fun- 
damental to the top display graticule. 


e. Without changing the reference level, change the 
spectrum analyzer center frequency to 27.999MHz to dis- 
play the 2:1 mixer spur. Verify that this spur is at least 
70dB below the fundamental. 


f. Change the spectrum analyzer center frequency to 
25.998MHz to display the 3:2 mixer spur. Verify that this 
spur is at least 70dB below the fundamental. 


g. Ina similar manner, change the 3325A’s frequency 
and the spectrum analyzer center frequency to the fol- 
lowing frequencies. For each setting, verify that all spu- 
rious signals are 70dB below the fundamental. 

Spectrum Analyzer 


3325A Frequency Center Frequency 


2:1 Spur 3:2 Spur 
4.100MHz 25.9MHz 21.8MHz 
6.100MHz 23.9MHz 17.8MHz 
8.100MHz 21.9MHz 13.8MHz 

10.100MHz 19.9MHz 9.8MHz 
12.100MHz 17.9MHz 5.8MHz 


Q 


= 
$3 44]} J IJosss4}} Jyjt44444 
at 3)|{ 9 pa TT YET Par | hear ary 
ee Pe 
—* a jt J J 3 


LOW PASS 
FILTER 


SIGNAL 
GENERATOR 


REF OUT 
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14.100MHz 15.9MHz 1.8MHz 
16.100MHz 13.9MHz 2.2MHz 
18.100MHz 11.9MHz 6.2MHz 
20.100MHz 9.9MHz 10.2MHz 


Close-in Spurious Test 
(Fractional N Spurs) 


h. Set the 3325A frequency to 5.001MHz and the am- 
plitude to -2.99dBm. 


i. Set the spectrum analyzer controls as follows: 


Center Frequency cco seine t ase cus 5.001MHz 
PTEQUCNCY: SPAN esacsecceacs suacw aciercsersseisa teens 1kHz 
VidE€O BW) sarc creme cm net ars we aes ew seel nak 100Hz 
Resolution BW co crosses eres o 30Hz 


j. Adjust the spectrum analyzer to reference the fun- 
damental to the top display graticule. 


k. Without changing the reference level, change the 
spectrum analyzer center frequency to 5.002MHz to dis- 
play the API 1 spur. It may be necessary to decrease the 
analyzer’s video bandwidth to optimize the display 
resolution. 


1. All spurious (non-harmonic) signals should be at least 
70dB below the fundamental. 


m. Without changing the reference level, set the 3325A 
frequency and the spectrum analyzer center frequency to 
the frequencies listed below. For each setting, verify that 
all spurious signals are at least 70dB below the fun- 
damental. 


3325A Frequency Spectrum Analyzer 


Center Frequency 


5.0001MHz 5.001 1MHz 
5.00001MHz 5.00101MHz 
5.000001MHz 5.001001MHz 
20.001MHz 20.002MHz 
20.001MHz 20.003MHz 
20.001MHz 20.004MHz 
20.001MHz 20.005MHz 


AC 
VOLTMETER 


| SkHz 
FILTER 


DIGITAL VOLTMETER 


Figure 4-3. Integrated Phase Noise Test 
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4-41. Integrated Phase Noise Test. 


4-42. This test compares the integrated phase noise to 
the specification in Table 1-1, which is: 


— 60 dB for a 30 kHz band centered on a 20 
MHz carrier (excluding +1 Hz about the 
carrier). 


Equipment Required: 

Sine wave signal source (-hp- Model 3335A) 

Mixer (-hp- Model 10534A) 

50-ohm load (-hp- Model 11048C) 

DC digital voltmeter (-hp- Model 3455A) 

AC voltmeter (-hp- Model 400 FL) 

15 kHz noise equivalent filter consisting of: 
Resistor: 10 kQ +1% (-hp- Part No. 0757-0340) 
Capacitor: 1600 pF +5% (-hp- Part No. 
0160-2223) See Figure 4-3 

1MHz Low Pass Filter (Model F882 - Allen 

Avionics) 


a. Connect the equipment as shown in Figure 4-3, con- 
necting the 15kHz noise equivalent filter output to the 
ac voltmeter. Phase lock the 3325A and the signal gener- 
ator together. 


b. Set the 3325A as follows: 


PUN CHIOM ye meters ae nares ores Sine 
BLEQUENCY’ Kanan ccc cus peererne 19.901 MHz 
ASMP ItUde s35 siesins sere rons heh oars 0 dBm 


c. Set the sine wave signal source (reference) as 
follows: 


BYeQuenCy: Sis. pce mance 19.9 MHz 
PAST Ge! sero ects esas suc accur settee +7.00 dBm 


d. Record the ac voltmeter reading (dB scale). 


e. Change 3325A frequency to 19.9 MHz. 


f. Connect the 15 kHz filter output to the dc digital 
voltmeter. 
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g. Press the 3325A PHASE entry key. Using the 
MODIFY keys, adjust the 3325A output phase for a 
minimum reading on the digital voltmeter. 


h. Disconnect the 15 kHz filter output from the 
digital voltmeter and connect it to the ac voltmeter. 


i. Record the ac voltmeter reading (dB scale) and sub- 
tract it from the reading recorded in Step d. The dif- 
ference should be — 54 dB or greater. Add — 6 dB to this 
number and enter on the performance test card. The 
6 dB is acorrection factor compensating for the folding 
action of the mixer. 


NOTE 
Frequencies used minimize the phase noise 
contribution of the 3335A. 


4-43. Amplitude Modulation Envelope Distortion Test. 


4-44. This procedure tests the 3325A against the 
amplitude modulation envelope distortion specification 
in Table 1-1: 

— 30 dB to 80% modulation at 10 kHz, 0 V 

de offset 


Equipment Required: 
Sine wave signal source (-hp- Model 204C) 
Spectrum Analyzer (-hp- Model 141T/3585A/8552B/ 
8553B/8566A) 


a. Connect the equipment as shown in Figure 4-4. 


b. Set the 3325A output as follows: 


FPUNCUON! Laced aes cui eae anaes Sine 
IPREQUENCY! Aka: erisvnemsioee amare eee 1 MHz 
Amplitudes wrt reo eee 3 Vp-p 
DCO RSetera er ce eerie rie OV 
High Voltage Output (Option 002) ..... Off 
AMIN mor erepeyaoreneertiere cia tert corre erreur mts On 


c. Set the modulating signal source frequency to 10 
kHz and adjust the level to produce 80% modulation of 
the 3325A output. 80% modulation is indicated by 


SPECTRUM ANALYZER 


3325A-43 


Figure 4-4. AM Envelope Distortion 
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modulation sidebands being 8.0 dB down from the car- 
rier, as viewed on the 2 dB/div display of the spectrum 
analyzer. 


d. Adjust the spectrum analyzer to display the fun- 
damental frequency, the 10 kHz sideband frequency, 
and at least 4 harmonics of the sidebands. All har- 
monics should be at least 30 dB lower than the modula- 
tion sidebands. 


4-45. Square Wave Rise Time and Abberations. 


4-46. This procedure compares the 3325A square wave 
output to its rise/fall time and overshoot specifications 
in Table 1-1. 


Rise and Fall Time: <20 ns, 10% to 90% at 
full output 

Overshoot: <5% of p-p amplitude at full 
output 


Equipment Required: Oscilloscope (-hp- 
Model 1740A) 


a. Connect the 3325A_ signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp- 
Model 1740A, set the input switch to the 50-ohm posi- 
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm feedthru 
termination) at the input. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
BUN CtiON es chose soe eee ee aiscses Square 
PTOQUENCY: cs coetontecpare arenes ene re riers 1 MHz 
AIMIPIILUGE craers creer ctoeresine ce crear 10 V p-p 


c. Adjust the oscilloscope vertical and horizontal 
controls so that the square wave rise time between the 
10% and 90% points can be measured. Rise time should 
be less than 20 nanoseconds. 


d. Adjust the oscilloscope to measure the square 
wave fall time between the 90% and 10% points. Fall 
time should be less than 20 nanoseconds. 


e. Expand the oscilloscope vertical display and adjust 
controls so that the overshoot can be measured. Over- 
shoot should be less than 500 mV at positive and 
negative peaks. 


4-47. Ramp Retrace Time. 


4-48. This test compares the retrace time of the positive 
and negative slope ramps to the specifications in Table 
1-1: 

<3 ps 90% to 10% 


Equipment Required: Oscilloscope (-hp- Model 1740A) 


a. Connect the 3325A_ signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp- 
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Model 1740A, set the input switch to the 50-ohm posi- 
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm feedthru 
termination) at the input. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
FPUNCHON <id0460 ces Positive Slope Ramp 
BEEQuenGy nics ert eee 10 kHz 
AIPM as curecrrce ce nese 10 V p-p 


c. Adjust the oscilloscope vertical and horizontal 
controls so that the ramp retrace time from the 90% to 
10% points can be measured. Retrace time should be 
less than 3 us. 


d. Change function to negative slope ramp and 
repeat Step c. 


4-49. Sync Output Test. 


4-50. This procedure checks the voltage levels of the 
sync output square wave: 


Viigh > +1.2V ; V,,, < +0.2V into 50 ohms 
Equipment Required: Oscilloscope (-hp- Model 1740A) 


a. Connect the 3325A sync output to the oscilloscope 
vertical input. If the oscilloscope is an -hp- Model 
1740A, set the input switch to the 50-ohm position. If 
your oscilloscope does not have a 50-ohm input, use a 
50-ohm load at the input (-hp- Model 11048C 50-ohm 
Feedthru Termination). 


b. Set the 3325A function to sine, frequency to 20 
MHz. 


c. Adjust the oscilloscope controls to measure the 
high and low levels of the sync square wave. The high 
level should be greater than +1.2 V and the low level 
should be less than +0.2 V. 


4-51. Square Wave Symmetry. 


4-52. This procedure checks the symmetry of the square 
wave signal output to the specification in Table 1-1: 


0.02% of period + 3 nanoseconds 


Equipment Required: Electronic counter (-hp- Model 
5328A) 


a. Connect the 3325A signal output to both inputs of 
the electronic counter, using a BNC tee (see Figure 4-5). 


b. Set the 3325A output as follows: 


MUNCHONE er roe rere eee iors Square 
PTEQUCN CY. ss icxe aie costs iernlslieae ate Gioreesetece!« 1 MHz 
AMplitude in cece oo ee eres cree 1 Vrms 
DC Offsetes 5: gonessch seer eeuemere: OV 
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c. Adjust the electronic counter to measure time in- d. Change Slope A to —, Slope B to +. Reading 
terval average A to B, with Slope A +, Slope B — . Note should be equal to the reading in Stepc + < 3.2 ns. 
the reading. 


ELECTRONIC 
COUNTER 
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Figure 4-5. Square Wave Symmetry. 


4-53. Frequency Accuracy. f. Change 3325A function to positive slope ramp. 
Electronic counter should indicate 100,000 ns + .5 ns. 

4-54. This test compares the accuracy of the 3325A out- 

put signal to the specification in Table 1-1: 4-55. Phase Increment Accuracy. 


+5 x 10~§ of selected frequency 4-56. This test compares the phase increment accuracy 
of the 3325A to the specification in Table 1-1: 
Equipment Required: Electronic Counter (-hp- Model 
§328A, calibrated within three months or with an ac- + 0:22 
curate 10 MHz external reference input) 
Equipment Required: 
a. Connect the 3325A signal output to the electronic Sine wave signal source (-hp- Model 3335A) 
counter channel A input with a 50 2 load. Allow 3325A Electronic Counter (-hp- Model 5328A) 
and counter to warm up for 20 minutes. 
a. Connect the equipment as shown in Figure 4-7. 
b. Set the 3325A output as follows: 
b. Set the 3325A as follows: 


PUNCHOM: ccucinss aurea omer ses Sine 
IPTEQUENGCYS rocteresaicloncueseecterereh- cave crete 20 MHz 
7-Nisyo) bab (ola reine CEEOL Se Tee 0.99Vp-p High Voltage Output (Option 002) ..... Off 
DG Oftsetinacscmouse ae cardeecee seers OV BUNCttOn crs care Serre soa ponies oe Sine 
Frequencycacrsete sertameien een 100 kHz 
c. Set the counter to count the frequency of the A input AMPLUOde 0.0. eeicrewunenecrsianios 13 dBm 
with 0.1Hz resolution, and adjust for stable triggering. : 
Electronic counter should indicate 20 000 000.0Hz c. Set the sine wave signal source (3335A) as follows: 
+ 100Hz. 
OQUENCY van racitereccsieiaee vic cette eis 0.1 MHz 
d. Change 3325A function to square wave. Frequen- Amplitude a5. casas eccmeannm nies 13 dBm 
cy automatically changes to 10 MHz. Electronic counter 
should indicate 10 000 000.0 Hz +50 Hz. d. Set the electronic counter (5328A) as follows: 
e. Change the 3325A function to triangle. Frequency Function. ..:0.0<: Time Interval Avg. Ato B 
automatically changes to 10kHz. Move the counter input Frequency Resolution, N.............. 105 
to the sync output of the 3325A. Set the counter to aver- INPUtS een syn rent eon 50 0, Separate 
age 1000 periods. Electronic counter should indicate 100 Slope'A and'Bia. jn. cise eek escent Positive 


000.00ns +0.5ns. Sample Rate ss:caccs. 0060560 ns Maximum 
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Figure 4-6. Frequency Accuracy. 


e. Press the 3325A PHASE entry key to display 
phase. Using the Modify keys, adjust the phase until the 
counter reads approximately 200 nanoseconds. Press 
the 3325A blue entry prefix key, then ASGN ZERO 
PHASE. 


f. Set the electronic counter sample rate to HOLD. 
Press RESET. Record the counter reading (to 2 decimal 
places) on the Performance Test Record in the space for 
“‘Zero Phase Time Interval’’. This is the phase dif- 
ference (in nanoseconds) between the 3325A output and 
the reference signal. 


g. Set the 3325A phase to —1°. 
h. Press the electronic counter RESET. Record the 


counter reading (to 2 decimal places) in the space for 
‘*1° Increment Time Interval’’. 


i. Determine the time difference between the counter 
readings in Step h and Step f, and record in the ‘‘Time 
Difference’’ column. The difference should be from 
22.22 ns to 33.34 ns. 


j. Set the 3325A phase to —10°. 


k. Press the electronic counter RESET. Record the 
counter reading to the space for ‘‘10° Increment Time 
Interval’’. 


1. Enter the time difference between the ‘‘Zero Phase 
Time Interval’’ and the reading in Step k in the ‘‘Time 
Difference’’ column. This should be from 272.22 ns to 
283.34 ns. 


m. Set the 3325A phase to — 100°. 


REFERENCE 
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Figure 4-7. Phase Increment Accuracy. 
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Figure 4-8. Phase Modulation Linearity. 


n. Press the electronic counter RESET. Record the 
counter reading in the space for ‘‘100° Increment Time 
Interval’’. 


o. Enter the time difference between the ‘‘Zero Phase 
Time Interval’’ and the reading in Step n in the ‘‘Time 
Difference’ column. It should be from 2722.22 ns to 
2783.34 ns. 


4-57. Phase Modulation Linearity. 


4-58. This procedure tests the phase modulation lineari- 
ty. The specification in Table 1-1 is: 


+0.5%, best fit straight line 
Equipment Required: 
Sine wave signal source (-hp- Model 3335A) 
Electronic counter (-hp- Model 5328A) 
DC power supply (-hp- Model 6214A) 
Digital voltmeter (-hp- Model 3455A) 


a. Connect the equipment as shown in Figure 4-8. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
IBUNCHION Ay ance nt rr ee Sine 
BREQUENGY) tise i5 2 acces ee anions sree 100kHz 
Amplitude iin c.ciels cies ot ey acts ees 13 dBm 
PhaseiModulation® 6.0... 0cecune ceases On 


IPPEQUENCY cericcsteus cratocclas sascatencsieueters 100kHz 
AMplitude: 3 iciwacon cee aan sees 13 dBm 


d. Set the electronic counter (5328A) as follows: 


Function ...... Time Interval Avg. A and B 
Frequency Resolution, N.............. 10° 
INPUtS = ciottiarieeiseis aa ean 50 Q, Separate 
Slope‘Avand |B oo ccs mem emesiereers Positive 
Sample Rater wccrncaescrstcee ces Maximum 


e. Using the digital voltmeter to monitor the dc 
power supply output, set the dc voltage as near — 5.0000 
V as possible. 


f. Press the 3325A PHASE entry key to display 
phase. Using the Modify keys, adjust the phase until the 
counter reads approximately 200 nanoseconds. Record 
the counter reading as a reference for the following 
steps. 


g. As soon as possible after recording the counter 
reading, note the digital voltmeter reading and record 
on the Performance Test Record in the ‘‘DVM Reading, 
x,’” space. 


h. Press the 3325A blue prefix key, then ASGN 
ZERO PHASE. 


i. Change the dc power supply output to — 4.0000 V. 


j. Using the Modify keys, adjust the 3325A phase to 
return the counter reading to the value recorded in Step 
ft: 


k. Record the digital voltmeter reading in the ‘‘DVM 
Reading, x,’’ space. 


1. The 3325A display indicates the phase change 
resulting from the 1 V change in modulating voltage. 
Record the phase display in the ‘‘Phase Difference, 2’’ 
space (positive value). 


m. Press the 3325A blue prefix key, then ASGN 
ZERO PHASE. 


Performance Tests 


n. Change the power supply output to the following 
voltages and repeat Steps j through m for each. Record 
the dvm readings and phase differences in the ap- 
propriate spaces on the Performance Test Record. 


DC DVM Phase 
Voltage Reading Difference 
— 3.0000 V X3 3 
— 2.0000 V X4 4 
— 1.0000 V X5 5 
0.0000 V X6 6 
+ 1.0000 V X7 7 
+ 2.0000 V Xg 8 
+ 3.0000 V Xg 9 
+ 4.0000 V X10 10 
+ 5.0000 V X1q 11 


o. Enter the cumulative phase change in the 
“‘Cumulative Phase’’ column. That is, enter the ‘‘2’’ 
Phase Difference in the y, space, then add the ‘‘y,”’ and 
‘*3”? values and enter in the y3 space. Add the “‘y,”’ and 
‘4’? values and enter in yy, etc. 


p. On the Performance Test Record, multiply each x 
value by the corresponding y value and enter in the ‘‘x 
times y’’ column. 


q. Total the ‘‘DVM Reading’’ column and enter in 
the Lx space. Total the ‘‘Cumulative Phase’’ values and 
enter in the Ly space. Total the ‘‘x times y’’ values and 
enter in the Lxy space. 


r. Square each x value and enter in the ‘‘x2’’ column. 
Total this column and enter in the Lx2 space. 


s. Square the Dx value and enter in the (Lx)? space. 


t. Multiply the 2x value by the Ly value and enter in 
the LxLy space. 


u. The equation for determining the ‘‘best fit straight 
line’’ specification for each y value is: 


y = a,X + a 


Where: a,x and ay are constants to be 
calculated from data taken previously 


Where: x is the value of the modulating 
voltage, recorded as x, through x,, 


v. First determine the value of a, using the following 
equation: ExLy 


n 
Lx? - (Lx)?/n 


Lxy - 


ay 


Where: ©x, Ly, Exy, UxLy, Lx?, and (Lx)? 
are the previously calculated values entered 
on the Performance Test Record 
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n = 11 (the number of points to be 
calculated) 


w. Determine the value of ap using the equation: 


20 A= 
n n 


x. Calculate each value for y using the equation: y = 
a,X + ag. Enter each result on the Performance Test 
Record in the ‘‘Best Fit Straight Line Values’’ column, 
(y, through (y,,). 


y. Determine the test limits for each y value by in- 
creasing and decreasing the calculated (y) values by 
0.5% of the (y,,) value. Enter in the Maximum and 
Minimum columns. 


z. Transfer the y, through y,, ‘“‘Cumulative Phase”’ 
entries to the ‘‘Measured Cumulative Phase’’ column. 
Each value should be within the calculated limits. 


4-59. Amplitude Accuracy. 


4-60. This procedure tests the amplitude of the 3325A 
ac function output signals against the accuracy 
specifications in Table 1-1. 


Equipment Required: 
AC/DC digital voltmeter (-hp- Model 3455A, 
average converter opt. 001 preferred) 
AC: Accuracy sufficient to verify a 1% specifica- 
tion to 100 kHz. 
DC: Resolution, 1 microvolt. 
High speed DC voltmeter (-hp- Model 3437A). At 
least 3'4-digit resolution, 1'% microsec. or faster set- 
tling time. 
50-Ohm step attenuator (-hp- Model 355C) 
50-Ohm feedthru termination (-hp- Model 11048C) 
Thermal converter (-hp- Model 11050A) 
Oscilloscope (-hp- Model 1740A) Must have delayed 
sweep of .05 microsec/div and delayed sweep gate 
output. 
Components: 
Resistor 36.55 ohm 0.1% 0.125W 2 ea 0698-7169 
Resistor 61.11 ohm 0.1% 0.25W 2 ea 0699-0090 
Resistor 430hm* 0.1% 0.125W 1 ea 0698-8264 
Resistor 13300hm* 0.1% 0.25W 3 ea 0698-7453 
Capacitor 300 pF* 5% 1 ea 0160-2207 


*Used only to test High Voltage (option 002). 
Amplitude Accuracy at Frequencies up to 100 kHz 
a. Sine Wave Test. Connect the 3325A signal output 


through a 50 ohm feedthrough termination to the AC 
digital voltmeter input. 


Model 3325A 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) Off 
Function Sine 
Frequency 100 Hz 
Amplitude 


3.536 Vros(10 Vp-p) 
DC Offset OV 


c. Press AMPTD CAL key. 


d. Read AC Voltmeter. Change 3325A frequency to 
1 kHz and 100 kHz and repeat. Verify that all three 
voltmeter readings are between 3.495 Vpmg and 3.577 
Vrms (+0.1 dB). 


e. Change 3325A amplitude to 1.061 Vrms (3 Vp-p) 
and take ac voltage readings for 100 Hz, 1 kHz and 100 
kHz as above. Verify that all three voltmeter readings 
are between 1.048 Vpms and 1.073 Vpms (+0.1 dB). 


f. Change 3325A amplitude to .3536 Vpms and set de 
offset to 1 mV. Set 3325A frequency to (100 Hz, 1 kHz, 
and 100 kHz and read ac voltage. Verify that all three 
readings are between .3411 Vrms and .3660 Vrms 
(+0.3 dB). 


g. Function Test. Connect 3325A sync output to ex- 
ternal trigger input of oscilloscope. Connect 3325A 
signal output to the voltage divider of Figure 4-10(A). 
Connect the voltage divider output to oscilloscope ver- 
tical input and to high speed voltmeter input. Connect 
delayed sweep gate from oscilloscope to external trigger 
input of high speed voltmeter. See Figure 4-9A. 


h. Set the 3325A as follows: 


High Voltage Output (Option 2) OFF 
DC Offset OV 
Amplitude 10 Vp-p 
Frequency 99.9 Hz 
Function Square 
i. Set the oscilloscope as follows: 
Display AorB 
Vertical Sensitivity 5 volts/div 
Trigger Ext 
Main Sweep 1 msec/div 
Delayed Sweep 5 psec/div 
Delay 250 
j. Set the 3437A voltmeter as follows: 
Range 1.0V 
Trigger Ext 
Delay 0 sec 
Coupling DC 1MQ 


k. One cycle of the square wave should fill the screen 
of the oscilloscope, and the sample time for the 
voltmeter should be seen as the intensified spot of the 
delayed sweep. 


], Press AMPTD CAL on the 3325A. 
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m. Read positive peak voltage of attenuated 
waveform on voltmeter. If the reading is not stable, 
press hold, then ext. alternatively to repeat readings. 
Change oscilloscope delay to 750 and read negative 
peak. Add the two readings to obtain volts peak to 
peak. Verify that sum is between 3.661 volts and 3.735 
volts. 


n. Change 3325A function to Triangle. Change 
oscilloscope to: 


Vertical Sensitivity .2 volts/div 
Vertical Position 9 o’clock 
Main Sweep .5 msec/div 
Delay 500 
Magnify X10 
Delayed Sweep 1 psec/div 


o. Adjust oscilloscope delay to place the intensified 
spot on peak of triangle and read positive peak voltage 
on 3437A. Press neg trigger, move vertical position 
knob of CRO to 3 o’clock and adjust intensified spot to 
read negative peak on the 3437A. Verify that sum of 
positive and negative peak voltages is between 3.643 and 
3.754 volts. 


p. Change 3325A function to pos ramp. Change 
oscilloscope to: 

Trigger pos 
Main Sweep 2 msec/div 
Place spot on positive peak, press hold, then ext, then 
hold a few times on the 3437A and record most positive 

reading. 


q. Move vertical position knob to 3 o’clock, adjust 
delay and read negative peak. Ramp jitter should be 
visible on all ramp readings (the 3437A will hold the 
readings). Verify that sum of pos and neg peaks is bet- 
ween 3.643 and 3.754 volts. 


r. Change 3325A function to neg ramp. Change CRO 
trigger to pos and take neg ramp reading as above. 


s. Change 3325A function to square and frequency to 
1 kHz. Set CRO as follows: 

Main Sweep 50 usec/div 
Delayed Sweep .05 usec/div 
Read positive peak; push neg trigger and read negative 
peak. Verify that sum is between 3.661 and 3.735 volts. 


t. Change 3325A function to triangle and frequency 
to 2 kHz. Set CRO main sweep to 20 psec/div and delay 
to 610. Adjust delay and position and set pos and neg 
trigger to read peaks. Verify Vp-p to be between 3.643 
and 3.754 volts. 


u. Change 3325 function to pos ramp and frequency 
to 500 Hz. Set main sweep of CRO to .2 msec/div and 
adjust sweep vernier to return peaks to center screen 
(trigger must be neg to see jitter at this point). Verify 
Vpp to be between 3.643 and 3.754 volts. 
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v. Change 3325A function to neg ramp and CRO 
trigger to pos. Verify Vpp of 3.643 to 3.754 volts. 


w. Change 3325A frequency to 100 kHz and function 
to square. Return CRO sweep vernier to calibrate and 
set main sweep to .5 wsec/div and magnify to off. Read 
pos and neg peak voltages in the center of the screen. By 
pressing pos/neg trigger. Verify Vpp of 3.661 to 3.735 
volts. 

x. Change 3325A function to triangle (frequency will 
go to 10 kHz). Set CRO main sweep to 5 psec/div and 
press magnify. Verify Vpp of 3.513 to 3.883 volts. 

y. Change 3325A function to pos ramp. Set cro main 
sweep to 20 yusec/div. Adjust delay to set end of inten- 
sified spot on highest peak. Verify Vpp of 3.328 to 3.996 
volts. 

z. Change 3325A function to neg ramp. Verify Vpp 
of 3.328 to 3.996 volts. 


aa. Change 3325A amplitude to 3Vp-p, and remove the 
voltage divider from the circuit. Reconnect the 3325A sig- 
nal output to the oscilloscope and voltmeter through the 
50 ohm feedthru termination. Set the 3325A frequency 
to 99.9Hz and the function to square. 


bb. Repeat tests i through z. New test limits are as 
follows: 


Test Frequency Function Minimum Maximum 
m 99.9 Hz Square 2.970 V 3.030 V 
te) 99.9 Hz Triangle 2.955 V 3.045 V 
q 99.9 Hz Pos Ramp 2.955 V 3.045 V 
r 99.9 Hz Neg Ramp 2.955 V 3.045 V 
s 1 kHz Square 2.970 V 3.030 V 
t 2 kHz Triangle 2.955 V 3.045 V 
u 500 Hz Pos Ramp 2.955 V 3.045 V 
v 500 Hz Neg Ramp 2.955 V 3.045 V 
w 100 kHz Square 2.970 V 3.030 V 
x 10 kHz Triangle 2.850 V 3.150 V 
y 10 kHz Pos Ramp 2.700 V 3.300 V 
Zz 10 kHz Neg Ramp 2.700 V 3.300 V 


cc. Change 3325A amplitude to 1 Vpp, and set dc of- 
fset to 1 mV. Set frequency to 99.9 Hz and function to 
square. Set CRO vertical sensitivity to .05 volts/div for 
all 1 Vpp tests. 


dd. Repeat tests i through z. New test limits are as 
follows: 


Test Frequency Function Minimum Maximum 
m 99.9 Hz Square .970 1.030 
oO 99.9 Hz Triangle -960 1.040 
q 99.9 Hz Pos Ramp .960 1.040 
r 99.9 Hz Neg Ramp -960 1.040 
s 1 kHz Square -970 1.030 
t 2 kHz Triangle -960 1.040 
u 500 Hz Pos Ramp .960 1.040 
v 500 Hz Neg Ramp -960 1.040 
w 100 kHz Square -970 1.030 
x 10 kHz Triangle .940 1.060 
y 10 kHz Pos Ramp .890 1.110 
Zz 10 kHz Neg Ramp .890 1.110 
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High Voltage Output Amplitude Accuracy 
For Frequencies To 100 kHz 
(For Instruments with High Voltage Option 002) 


ee. Sine Wave Test. Connect 3325A signal output to 
the AC voltmeter via a 6 ft. cable. Connect a 500 2, 300 
pF load (at either end) in parallel with the line. 


ff. Press the 3325 high voltage key near the 3325A 
output connector. A LED in the key indicates that the 
high voltage output is on. 


gg. Set 3325A function to sine, frequency to 2 kHz, 
and amplitude to 14.14 Vpms (40 Vpp). Press AMPTD 
CAL key. The AC voltmeter reading should be 13.86 to 
14.42 Vems. 


hh. High Voltage Function Test. Connect 3325A 
signal output to CRO and voltage divider via a 6 ft. 
cable. Trigger CRO on 3325A sync output. Trigger high 
speed DC voltmeter on delayed sweep gate from CRO 
See Figure 4-9B. 


ii. The voltage divider shown in Figure 4- 9B is 
built into a small metal box with 2 BNC connectors. 
Parts used are: 


R3, 443 ohm, consists of 3 parallel 1330 ohm resistors, 
each 0.1%, 0.25 watt, -hp- Part Number 0698-7453 


R4, 43 ohm, 0.1%, 0.125 watt, -hp- Part No. 0698-8264 
Cl, 300 pF, 5%, -hp- Part Number 0160-2207 


Connect the tap to the input of high speed DC voltmeter 
as shown in Figure 4-9B. 


jj. Set 3325A frequency to 2 kHz and amplitude to 40 
Vpp. Set DC voltmeter to 1V range and ext trigger. Set 
oscilloscope as follows: 


Vertical Sensitivity 2 volts/div 
Vertical Position 8 o’clock 
Trigger Ext 
Main Sweep 20 psec/div 
Delayed Sweep .05 psec/div 
Delay 615 
Magnify X10 


kk. Set 3325A to square wave and read positive peak 
on DC voltmeter. Switch CRO to neg trigger, take ver- 
tical position to 4 o’clock, and read neg peak. Verify 
that peak to peak voltage is between 3.466 and 3.607 
volts. 


ll. Change 3325A function to triangle, and read peak 
voltages. Vpp should be 3.466 to 3.607 volts. 


mm. Change 3325A to pos ramp. Change CRO main 
sweep to .1 msec/div and delay to 500. Verify Vpp of 
3.466 to 3.607 volts. Repeat for neg ramp by changing 
CRO trigger to pos. 


Amplitude Flatness: (Frequencies above 100 kHz) 


Model 3325A 


nn. Set the 3325A as follows: 


High Voltage Output (Option 2) OFF 
Function Sine 
Frequency 1 kHz 
Amplitude 3 Vpp 


oo. Set the 50 0 attenuator (-hp- Model 355C) to 3 dB 
and connect to signal output. Connect 1 Vpms thermal 
converter (-hp- 11050A) to attenuator output. Connect 
DC digital voltmeter with microvolt resolution (-hp- 
3455A) to thermal converter output. See Figure 4-9C. 


pp. Press 3325A AMPTD CAL key. Record the 
voltmeter reading in the 3 V sine wave 1 kHz reference 
space on the performance test record. 


qq. Set the 3325A modify key to the 1MHz position 
and bump the frequency in 2MHz steps from 1kHz to 
20.001MHz, recording the voltmeter reading at each fre- 
quency. In each case, allow the thermal converter several 
seconds to stabilize. 


rr. Verify that all flatness readings are within + 
6.6% of the 1 kHz reference reading. 


ss. Change attenuator to 12 dB. Change 3325A 
amplitude to 10 Vpp. Repeat steps pp and qq for 10 
Vpp. Verify that all readings are within 6.3% of the 1 
kHz reference. 


tt. Disconnect the thermal converter from the 3325A 
output. 


uu. Square wave flatness. Set the 3325A as follows: 


High Voltage Output (Option 2) OFF 
Function Square 
Amplitude 10 Vpp 
Frequency 1 kHz 


vv. Connect the 3325A signal output to an 
oscilloscope (-hp- 1740A) with a 500 load. Set the 
oscilloscope as follows: 

Vertical Sensitivity 
Time/Div 


2 volts/div 
.1 msec 


ww. Use the modify keys to bump the 3325A fre- 
quency from 1 kHz to 10.001 MHz in 2 MHz steps. Two 
lines will appear on the oscilloscope. Verify that they re- 
main within % major division of 5 divisions apart for all 
11 frequencies. 


xx. High Voltage (Option 2) Amplitude Flatness above 
100kHz. 


yy. Connect the 3325A output to an oscilloscope 
(-hp- 1740A) with a 500 Q, 500 pF load (load attached at 
either end). Cable capacitance (30pF/foot) must be in- 
cluded in the 500 pF. The HV divider (Figure 4-9B) 
may be used with 6 feet of cable. 
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zz. Set the oscilloscope as follows: 
Vertical Sensitivity 
Time/Div 


10 volts/div 
1 msec 


aaa. Set the 3325A to 40 Vpp sine wave (HV option 
on) and 1 kHz. Adjust oscilloscope intensity and focus 
for a sharp trace. 


bbb. Use the modify keys to bump the 3325A fre- 
quency from 1 kHz to 1.001 MHz in 200 kHz steps. 
Verify that the width of the bright region of the screen is 
4 + .4 divisions for all 11 frequencies. 


4-61. DC Offset Accuracy (DC Only). 


4-62. This procedure tests the de offset accuracy when 
no ac function output is present. The ce only specifica- 
tion in Table 1-1 is: 

+0.4% of full range* 


* Except lowest attenuator range where accuracy is 
+20ynV 


Equipment Required: 

DC digital voltmeter with 5-digit resolution, capable 
of measuring >20 V for High Voltage Output 
Option 002 (-hp- Model 3455A) 

50-ohm Feedthru termination (-hp- Model 11048C) 


a. Connect the 3325A signal output through the 
50-ohm feedthru termination to the dc digital voltmeter 
input (see Figure 4-11(A)). 


b. Press whichever function key is presently active, 
indicated by a lighted indicator in the center of the key. 
This removes the ac output. The indicator in the center 
of the ‘‘DC OFFSET”’ entry key should light. 


c. Set the 3325A dc offset to 5 V, then press the 
““AMPTD CAL”’ key. 


d. The dc digital voltmeter reading should be + 4.980 
to +5.020 V. 


e. Change 3325A dc offset to —5 V. Digital volt- 
meter reading should be — 4.980 to — 5.020 V. 


Attenuator Test 
f. Set the dc offset to the positive and negative 


voltages shown below. The digital voltmeter reading 
should be within the tolerances shown for each voltage. 


DC Offset Tolerances 
+1.499 V + 1.49300 to 1.50499 V 
+499.9 mV + 0.49790 to 0.50190 V 
+149.9 mV + 0.14930 to 0.15050 V 
+49.99 mV + 0.04979 to 0.05019 V 
+14.99 mV +0.01493 to 0.01505 V 
+4.999 mV + 0.004979 to 0.005019 V 


+1.499 mV 


+ 0.001479 to 0.001519 V 
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C. Amplitude Flatness (> 100 kHz) 


Figure 4-9. Amplitude Accuracy and Flatness. 
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High Voltage Output Option 002 DC Offset 


g. Remove the 50-ohm feedthru and connect the 
3325A output directly to the digital voltmeter input. 


h. Press the ‘‘SSIGNAL”’ key in the lower right corner 
of the 3325A front panel to select High Voltage Output 
(Option 002). Lighted indicator in the center of this key 
indicates High Voltage Output is on. 


i. Set 3325A dc offset to 20 V. Digital voltmeter 
reading should be + 19.775 V to 20.225 V. 


j. Set 3325A dc offset to —20 V. Digital voltmeter 
reading should be — 19.775 V to —20.225 V. 


4-63. DC Offset Accuracy with AC Functions. 


4-64. The specifications for DC Offset accuracy with 
AC Functions given in Table 1-1 are as follows: 


DC + AC, <1 MHz: +1.2%, Ramps +2.4% 
DC + AC, >1 MHz: +3% 


Equipment Required: 
DC Digital voltmeter (-hp- Model 3455A) 
50-ohm feedthru termination (-hp- Model 11048C) 


a. Connect the equipment as shown in Figure 
4-10 A . Set the digital voltmeter to measure dc voltage. 


b. Set the 3325A output as follows: 


High Voltage Output (Option 002) ..... Off 
BUN CtOM a asians coencsr orl cteneteny snr es ar Sine 
BTEQUENCY: scjvcmee cox 20.999 999 999 MHz 
Amplitude: anne. ccscoeminerecieuternae wie 1 Vp-p 
DGOffset Bac sooeeiace gees eeu. +4.5V 


c. Press AMPTD CAL key. After amplitude calibra- 
tion (approximately 2 seconds) the digital voltmeter 
reading should be + 4.350 to + 4.650 V dc. 


d. Change the dc offset to —4.5 V. Digital voltmeter 
reading should be — 4.350 to —4.650 V dc. 


e. Change the 3325A frequency to 999.9 kHz. The 
digital voltmeter reading should be — 4.440 to — 4.560 V 
de. 


f. Change the 3325A dc offset to (+) 4.5 V. The 
digital voltmeter reading should be + 4.440 to + 4.560 V 
de. 


g. Set the 3325A function to Square. The digital 
voltmeter reading should be + 4.440 to + 4.560 V dc. 


h. Change the 3325A dc offset to —4.5V. The digital 
voltmeter reading should be — 4.440 to —4.560 V dc. 


Performance Tests 


i. Change the 3325A frequency to 9.9999 MHz. The 
digital voltmeter reading should be — 4.350 to — 4.650 
Vi 


j. Set the 3325A function to Triangle, frequency to 
9.9 kHz. The digital voltmeter reading should be 
— 4.440 to — 4.560 V. 


k. Set the 3325A function to + Ramp. The digital 
voltmeter reading should be — 4.380 to — 4.620 V. 


4-65. Triangle Linearity. 


4-66. This procedure tests the linearity of the triangle 
wave output against the specification in Table 1-1: 


+0.05% of full output, 10% to 90%, best fit 
straight line 


Because the triangle and ramp outputs are generated by 
the same circuits, this procedure effectively tests the 
ramp linearity also. 


Equipment Required: 

High-speed dc digital voltmeter (This procedure is 
written to use the high speed and delay capabilities 
of the -hp- Model 3437A) 

Resistive divider, + 2.5, consisting of: 

30 ohms +1% '4W (-hp- Part No. 0698-7533) 
20 ohms +1% %4W (-hp- Part No. 0698-6296) 

BNC-to-Triax adapter (-hp- Part No. 1250-0595 or 

Model 11172A RF Cable) 


a. Connect the 3325A and the high-speed digital 
voltmeter through the divider as shown in Figure 
4-10B. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
BUNGCHON a retro temacns rere Triangle 
PLCQUCNCY*a.4 oe cs tec noses saya 10 kHz 
Amplitude: cscs suis ceiovesense: 10 V p-p 


c. Set the digital voltmeter as follows: 


Rane sc 50555 sowerstadeaseenaaken 1V 

INUMDEF Of REACIN GS! asc. ran ere nsec 1 

TYIRRELS ve atasie ca vec een eee Fees Ext 
NOTE 


The Model 3437A triggers on the negative- 
going edge of the 3325A sync square wave. 


d. Set the digital voltmeter delay to .00003 (seconds). 
Record the digital voltmeter reading on the Perfor- 
mance Test Record under ‘‘Positive Slope Measure- 
ment, (10%) y,’’. This is the 10% point on the positive 
slope of the triangle. See Figure 4-11. 
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SYNC OUT 


Model 3325A 


DIGITAL VOLTMETER 


es 


JOR 


FEEDTHRU 


EXTERNAL 
TRIGGER 


V325-4-11 


Figure 4-10. Triangle and Ramp Linearity Test. 


e. Measure the voltage at each 10% segment point by 
setting the digital voltmeter delay to the following. 
Enter on the Performance Test Record in the ap- 
propriate spaces under ‘‘Positive Slope Measurement.’’ 


Percent of Slope 


.000035 20 
.00004 30 
-000045 40 
-00005 50 
000055 60 
-00006 70 
.000065 80 
.00007 90 


f. Measure the voltage at each 10% segment point on 
the negative slope by setting the digital voltmeter delay 
to the following. Enter the readings on the Performance 
Test Record in the appropriate spaces under ‘‘Negative 
Slope Measurement.”’ 
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Percent of Slope 


-00008 90 
-000085 80 
.00009 70 
.000095 60 
.0001 50 
.000105 40 
.00011 30 
-000115 20 
00012 10 


g. Algebraically add the voltages recorded in the 
‘*Positive Slope Measurement’’ column and enter the 
total in the ‘‘Ly’’ space. 


h. Multiply Ly by 45 (which is Lx) and enter the 
result in the ‘‘LxLy’’ space. 


i. Multiply each y value by the corresponding x value 
and enter in the ‘‘x times y’’ column. Total these values 
and enter in the ‘‘Lxy’’ space. 


Model 3325A 


TRIGGER 


DELAY ( ws) 


Performance Tests 


90% 90% 


3325A-50 


Figure 4-11. Triangle Linearity Test. 


j. The equation for determining the ‘‘best fit straight 
line’’ specification for each y value is: 


y = aX + a 


Where: a, and ag are constants to be 

calculated from data taken previously. 
NOTE 

Calculate the values of a; and ap to at least 

five decimal places. 


k. First determine the value of a, using the following 
equation: 


UxLy 
xy - 
n 
a, = 
(Lx)? 
Lx? - 
n 


Where: ©x, Ly, Lxy, UxLy, Lz2, and (Lx)? 
are the previously calculated values entered 
on the Performance Test Record. 


n = 9 (the number of points to be 
calculated) 


1. Determine the value of ap using the equation: 
Ly p D9 ¢ 


n n 


m. Calculate the ‘‘Best Fit Straight Line’’ value for 
each point (y, through yg) using the equation: 


y = aX + a 


Enter each result on the Performance Test Record in the 
‘Best Fit Straight Line’’ column. 


n. Determine the minimum and maximum allowable 
voltages at each point by subtracting and adding 0.002 
V to the voltages calculated in Step m (10 V + 2.5 x 0.05 
%). Enter these voltage limits on the Performance Test 
Record under ‘‘Minimum’’ and ‘‘Maximum’’. The 
voltages measured and recorded in the ‘‘Positive Slope 
Measurement”’ column should be within these calculat- 
ed tolerances. 


o. Algebraically add the voltages recorded in the 
‘‘Negative Slope Measurement’’ column and enter the 
total in the ‘‘Ly’’ space. 


p. Repeat Steps h through n to determine the ‘‘Best 
Fit Straight Line’’ values and tolerances for the negative 
slope. The voltages measured and recorded in the 
‘‘Negative Slope Measurement’? column should be 
within the calculated tolerances. 


4-67. X Drive Linearity. 


4-68. This procedure tests the linearity of the rear panel 
X Drive output to the specification in Table 1-1: for all 
linear sweep widths which are integral multiples of the 
minimum sweep width for each function and sweep 
time: 


+0.1% of final value, 10% to 90%, best fit 
straight line. 
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Equipment Required: 

High-speed dc digital voltmeter (This procedure is 
written to use the high speed and delay capabilities 
of the -hp- Model 3437A) 

Resistive divider, + ~2.6, consisting of: 
100kQ 1% 1/8W (-hp- Part No. 0757-0465) 
162kQ 1% 1/8W (-hp- Part No. 0757-0470) 

DC power supply (-hp- MOdel 6214A) 

BNC-to-Triax adapter (-hp- Part No. 1250-0595 
Model 11172A RF Cable) 


a. Connect the equipment as shown in Figure 4-12. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
RUNCHON Ss erctsee ett crore heer eee Sine 
AMpPltidel cvccck teeter tetuscecs 10 V p-p 
Sweep Start Frequency ............ 1 MHz 
Sweep Stop Frequency............ 10 MHz 
Sweep Marker Frequency .......... 4MHz 
Sweep Times. ac saesn seers: 0.01 sec 


c. Press 3325A START CONT key. 


d. Set the digital voltmeter as follows: 


RANE Cicerster aye evorcreve secreternnl fas miciowet vel ceouetegs 1V 

Number of Readings: .sisss0sceseasn ness 1 

WrigQeehnccvane ce soews teams ecew aes Ext 
NOTE 


The model 3437A triggers on the negative 
going edge of the Z Blank signal, which oc- 
curs at the start of a sweep up. 


e. Set the digital voltmeter delay to .001 (seconds). 
Adjust the dc power supply for a digital voltmeter 
reading of —1.600 V. Record the digital voltmeter 
reading on the Performance Test Record under ‘‘X 
Drive Ramp Measurement, (10%), y,.’” This is the 10% 
point on the X Drive ramp. See Figure 4-13. 


f. Measure the voltage at each 10% segment point by 
setting the digital voltmeter delay to the following. 
Enter on the Performance Test Record in the ap- 
propriate spaces under ‘‘X Drive Ramp Measurement’’. 


Percent of Ramp 
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Model 3325A 


g. Algebraically add the voltages recorded in the ‘‘X 
Drive Ramp Measurement”’ column and enter the total 
in the ‘‘Ly’’ space. 


h. Multiply Ly by 45 (which is Lx) and enter the 
result in the ‘‘L2xLy’’ space. 


i. Multiply each y value by the corresponding x value 
and enter in the ‘‘x times y’’ column. Total these values 
and enter in the ‘‘Lxy’’ space. 


j. The equation for determining the ‘‘best fit straight 
line’’ specification for each y value is: 


y = aX + a 


Where: a, and ag are constants to be 

calculated from data taken previously. 
NOTE 

Calculate the values of a; and ay to at least 

five decimal places. 


k. First determine the value of a, using the following 
equation: 


UxLy 
xy - 
n 
a, = 
(Lx)? 
Dx? - 
n 


Where: ©x, Ly, Uxy, UxLy, £z2, and (Lx)? 
are the previously calculated values entered 
on the Performance Test Record. 


n = 9 (the number of points to be 
calculated) 


1. Determine the value of ay using the equation: 
Ly Lx 
a =— — aj; — 


n n 


m. Calculate the ‘‘Best Fit Straight Line’’ value for 
each point (y, through yg) using the equation: 


y = aX + a 


Enter each result on the Performance Test Record in the 
“Best Fit Straight Line’’ column. 


Model 3325A 
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Z BLANK OUTPUT 
X DRIVE OUTPUT 


POWER SUPPLY 


EXTERNAL 
TRIGGER 


162KQ 
1% 125W 


100KQ 
1% 125W 


3325-4-13 


Figure 4-12. X Drive Linearity Test. 


n. Determine the minimum and maximum allowable 
voltages at each point by subtracting and adding 0.004 
V to the voltages calculated in Step m (10.5 V + 2.6 x 
0.1%). Enter these voltage limits on the Performance 
Test Record under ‘‘Minimum”’ and ‘‘Maximum’’. The 
voltages measured and recorded in the ‘‘X Drive Ramp 
Measurement’’ column should be within these 
calculated tolerances. 


NOTE 


The 3325A xX Drive maximum voltage 
(100%) is set at the factory to + 10.5 V.. 


4-69. Ramp Period Variation. 


4-70. This procedure tests the variation between alter- 
nate cycles of the positive and negative slope ramps to 
the specification in Table 1-1: < +1% of period, max- 
imum. 


Equipment Required: Oscilloscope, with delayed 
sweep (-hp- Model 1740A) 


a. Connect 3325A signal output to the oscilloscope 
vertical input. (Do NOT use a 10:1 probe.) If the 
oscilloscope is an -hp- Model 1740A, set the input 
switch to the 50-ohm position. If your oscilloscope 
doesnot have a 50-ohm input, use a 50-ohm load (-hp- 
Model 11048C 50-ohm Feedthru Termination) at the in- 
put. 


b. Set the 3325A as follows: 


FUNCHON: cos snares cio Negative Slope Ramp 
BTCQUENICY sorrsiere cistonrs ee ceera esos cee 100 Hz 
ARMIPNtUGE ers crores ap susiarcsrsutcranree 10 V p-p 


c. Set the oscilloscope as follows: 


Werticallicn ccecceme acts me erwrecrses te 2 V/div 
IMIS WeeDa actor iesoiecre teres: 2.0 ms/div 
Delayed SWeepscrsecsrerece-sscasrectsrenane 20 ps/div 
DIS SET is, a ate osclaves awister reas nies Positive 


d. With oscilloscope horizontal controls set to main 
sweep, adjust the intensified portion of the trace to the 
reset (positive going) portion of the ramp. 


e. Set the horizontal controls to delayed sweep and 
position the ramp reset portion near the center of the 
display. 


f. The reset portion should show more than one line, 
as in Figure 4-14. The lines should not be separated by 
more than ten divisions on the display. 


g. Change the 3325A function to positive slope ramp 
and set oscilloscope trigger to negative to verify the 
positive ramp. 


h. Bump the 3325A frequency to 99.999999 Hz to 


check the low frequency ramps. Verify that ramp period 
variations do not exceed ten divisions. 
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Figure 4-13. X Drive Linearity Test. 


4-71. HP-IB Interface Test. 


4-72. The following calculator program tests the opera- 
tion of the 3325A HP-IB interface circuits. The pro- 
gram is written for an -hp- Model 9825A calculator but 
may be adapted for other controllers. The program is 
printed on a foldout page for your convenience. 


Equipment Required: 
-hp- Model 9825A Calculator equipped with: 
98034A HP-IB Interface (set the select code 7) 
Any combination of ROM’s that includes a General 
I/O ROM and an Extended I/O ROM 


a. Connect the calculator interface cable to the 
3325A rear panel HP-IB connector. It is recommended 
that no other equipment be connected to this HP-IB 
during this test. 


b. Enter the program into the calculator. 


4-30 


c. Press RUN. Tests 4 through 7 in this program re- 
quire the operator to press CONTINUE if the test 
passes, or 1 CONTINUE if the test fails. If the Test 4 
question (SRQ LIGHT ON?, 1 = NO) does not appear 
in the calculator display within 30 seconds after start of 
the program (RUN), the 3325A and calculator are not 
interfacing properly. The calculator may display an er- 
ror indication that will identify the problem. If not, the 
3325A HP-IB circuits are probably not operating cor- 
rectly. 


Figure 4-14. Ramp Reset Waveform. 


Model 3325A Performance Tests 


PROGRAM FLOWCHART 


Enter 3325A Bus Address 


Perform Self Test 


NO 


Instrument Returns To Known Conditions After Self 
Test 


Test 1 - Did Frequency Go To 1000 Hz? Freq = 1000 Hz? ERROR 
Program: 
Freq = 1234.56789 Hz 
AMPTD = 50 mV 
Is NO 
Test 2 — Interrogate Frequency Frequency ERROR 
Correct 
Is NO 
Test 3 - Interrogate Amplitude Amplitude ERROR 
Correct 
Program Sweep: 
1 kHz to 10 kHz 
10 sec, Enable Mask 
Test 4 —- Test SRO Circuits ERROR 
Test 5 — Test Talk Circuits ERROR 
r F ‘, Li 
Test 6 — Test Listen Circuits ate On ERROR 
Test 7 — Test Remote Circuits ERROR 


Print Results 
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KV rrerrsoresrs 
4ou Pa 
a HDURESS ?scomt=f17"sA 


Clear the 3325A to Turn-on State 
Set HP-IB Remote Enable (Select Code 7) 


in eee eee 
y rE As Tie” Perform Self Test 
ee obtret Hs” LER” Interrogate Frequency 
a2 ored AaF Read 3325A Frequency 
bio? FRI: ler li -———_______________________________- Compare Frequency to 1000 Hz 


ih SEPE SSM AMM ————Set Freq to 1234.567890 Hz, Amptd to 50mV 
eee §<§_§€£— tore Settings in Register 3 

ia cl ot the 3325A 

Aas? RES A ri a Settings in Register 3 


Aa" [FR —————___________________________ Interrogate Frequency 
Read Frequency 
BHL2S4. 56789 1+¢2 ———_—_—_—_—_—————_Comppare to Frequency Stored 


"TESTS": 

wet Aso TARA CC Interrogate Amplitude 

red Ase 9 ———_____________________________ Read Amplitude 

if He, &Sa l+4¢3——____Y___________ Compare to Amplitude Stored 


"TEST 4": 
ial et Hs “STIEH SFPIGEH SMI 
col 1. aed 
a 


“'*Lin Sweep 1—10kHz, Enable SRO Mask 
—Clear Interface, Interface to Local 
LIGHT OHS» l=Ho" spe Did 332 5A Initiate SRO? 


Read Status into Variable 5 
Set Remote Enable 
Read from the 3325A 
“TRIE LOTGHT OM» 1=HO" s ri ————— Did 3325A respond to Talk Command? 


0s ————— Write to the 3325A, Interface to Local 
“LISTEM LIGHT Hs 1=H0" + r& — Did 3325A respond to Listen Command? 


Remote Interface, Write to 3325A, 
fi — Clear Interface 
LTGHT OMi» 1=Htli" » ¢*———— Did the 3325A Respond to Remote? 
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CH ca canon 


a LDL 


oan) 
ort Ai 


Fr. 


I ed 


em OT ef 


SP Ret 
eft “TEST RE: 
apo fle]ifed 
if rl=Giert 
if rl=laiert 
i ee 


ert “Repeat 


Variables used in this Test Program: 


A 
F 
G 
H 
| 


Address of 3325A (defaults to 717) 
Frequency read from 3325A in test #1 
Frequency read from 3325A in test #2 
Amplitude read from 3325A in test #3 
Counter used to print test results 
r1-r7_ Test results (O=Pass, 1 = Fail) 

S Status read from 3325A in test #5 


Samples of Program Printouts: 


Performance Tests 


Print Results of Tests 


Self Contained Program may be 


Linked or Used as a Subroutine 


TEST i TEST 
PASS PRG 

TEST : TEST 
PASS PAS 

TEST 2 TEST 
PASS PAS 

TEST 4 TEST 
FALL Pas 

EST 5 EST 

TEST é TEST 
PASS PAS 

TEST 7 TEST 
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Hewlett-Packard 

Model 3325A 
Synthesizer/Function Generator 
Serial No. 


Par. 4-10 


Par. 4-12 
Step d 


Step g 


Par. 4-14 
Step c 
Stepsd&e 


Step f 


Par. 4-16 
Step c 
Step d 
Step e 
Step f 
Step g 


Step i 


Par. 4-18 


Par. 4-20 


Par. 4-22 
Step c 
Step d 


Step e 


Step f 


OPERATIONAL VERIFICATION RECORD 


Tested by 


Date 


Self Test 


Sine Wave Verification 
20 MHz: Frequency and Amplitude 
Signal Purity 
High Voltage Output (1 MHz) 


Square Wave Verification 
Frequency and Amplitude 
Abberations 


Rise Time 


Triangle and Ramp Verification 
Triangle Freq. and Amptd. 


+ Ramp Freq. and Amptd. 


Ramp Freq. and Amptd. 
— Ramp Retrace Time 
+ Ramp Retrace Time 


Triangle Linearity 


Amplitude Flatness 


Spec 
Sync Output Check High 


Low 


Frequency Accuracy 
Sine, 20 MHz 
Square, 10 MHz 
Triangle, 10 kHz (100,000 ns) 
Ramp, 10 kHz (100,000 ns) 


Passed 


Passed 
Passed 


Passed 


Passed 
Passed 


Passed 


Passed 
Passed 
Passed 
Passed 
Passed 


Passed 


Passed 


>+1.2V 
<O.2N 


Spec. 

+ 100 Hz 
+50 Hz 
+ .5ns 


+ .5ns 


Operational Verification 


Par. 4-24 Output Level and Attenuator Check 
(DC Offset Only) 


Entry Min. Max. 
=5 V —4.980'V -—5.020 V 
(+)5 V +4980: Ve +5.020 V 
* (+) 1.499V (+) 1.49300V________ (+) 1.50499V 
499.9 mV +0.49790 Ve, 10250190 V 
149.9 mV +0.14930 VCC + 0.15050 V 
49.99 mV #0.04979 VC '0205019)V 
14.99 mV +0.01493 V__ CCC 40.0505 V 
4.999 mV +0.04979 V__... C+ 0.005019 V 
1.499 mV +0.001479 V +0.001519 V 


* All entries and limits are + 


High Voltage Output (Option 002) 


20 V +19.775 V +20.225 V 
-20V AST: VS = 20.225 V 
Par. 4-26 Harmonic Distortion 


All Harmonics Below: 


20 MHz Sees — 25 0B 
15 MHz SOLUS 
2 MHz —— ee  — 4008 
200 kHz ———— — — 60708 
50 kHz —————— 65:08 
10 kHz —__—_..___— =—65 dB 
1 kHz —— = —65:dB 
100 Hz ———— Oo 00R 


High Voltage Output (Option 002) 


100 Hz a | 65,08 

10 kHz eee 6 5:06 

200 kHz 2 — 60) dB 

1 MHz —40 dB 
Par. 4-28 Close-In Spurious Signal Test Passed 
Par. 4-30 HP-IB Check Passed 


PERFORMANCE TEST RECORD 


Hewlett-Packard Tested By. 

Model 3325A 

Synthesizer/Function Generator Date 

Serial No. 

Par. 4-37 Harmonic Distortion 

Fundamental Frequency Specification 
20 MHz —'25: dB 
15 MHz —30 dB 
2 MHz —40 dB 
200 kHz —60 dB 
50 kHz —65 dB 
10 kHz —65 dB 
1 kHz —65 dB 
100 Hz —65 dB 


High Voltage Output (Option 002) 


100 Hz —65 dB 

10 kHz aoe S65) B 

200 kHz —60 dB 

1 MHz —40 dB 

Par. 4-39 Spurious Signal Tests 
Mixer Spurious Test (2:1 spur/3:2 spur) —70 dB 
2:1 spur 3:2 spur 

4.100MHz ae aes —70dB 
6.100MHz —_ — — 70dB 
8.100MHz —— ne — 70dB 
10.100MHz pe = —70dB 
12.100MHz a wane — 70dB 
14.100MHz — oe —70dB 
16.100MHz — — —70dB 
18.100MHz SS — — 70dB 
20.100MHz = a — 70dB 


Close-in Spurious Test 


5.0001MHz —70dB 
5.00001MHz — 70dB 
5.000001MHz —70dB 
20.001MHz — 70dB 
—70dB 
—70dB 
— 70dB 
Par. 4-41 Integrated Phase Noise 
19.901 MHz —60 dB 
Par. 4-43 Amplitude Modulation Envelope Distortion —30 dB 
Par. 4-45 Square Wave 


Rise Time <20 ns 


Fall Time 2 20 ins) 


Overshoot, Positive Peak <500 mV 
Overshoot, Negative Peak ee = HOO MV: 
Par. 4-47 Ramp Retrace Time 
+ Ramp ee ee eos 
— Ramp <3 us 
Par. 4-49 Sync Output 
Vhigh >+1.2 V 
Viow <+0.2 V 
Par. 4-51 Square Wave Symmetry Se 352 ns 
Par. 4-53 Frequency Accuracy 
Sine, 20 MHz ee eet 100) HZ 
Square, 10 MHz Se OH HZ 
Triangle, 10 kHz (100,000 ns) + .5 ns 
Ramp, 10 kHz (100,000 ns) + .5 ns 
Par. 4-55 Phase Increment Accuracy 
Time 
Minimum Difference Maximum 


Zero Phase Time Interval 


1° Increment Time Interval 22.22 ns = 33.34 ns 
10° Increment Time Interval 212 ,.22.0S, 2 283.34 ns 
100° Increment Time Interval 211 2022.0S) 2 2783.34 ns 
Par. 4-57 Phase Modulation Linearity 
DVM Phase Cumulative 
Reading Difference Phase x times y x2 
x4 pees OE Y4 eee 0 
Xo 2 vo 
x3 3 ¥3 
X4 4 Y4 
X5 5 Y5 
X6 6 Y6 
x7 7 v7 
Xg 8 Yg 
Xg 9 Yg 
X10 10 Y10 
x14 11 Yu 
ee DA Rs ee ee een Uxy Ix2 
(Ex)2 rxLy 


Best Fit Measured 


& Straight Line Minimum Cumulative Maximum 
Phase Limit Phase Limit 
(y4) vq 2 
——EE _——— fy) 
(y3) ¥3 
(y4) es Y4 
(ys) Y5 
Ve) Ye 
(y7) v7 
(yg) ——__________________w_#_#sHses yg 
(YQ) Yg 
(¥ 49) ——_____ Y10 
(¥ 44) ——______ Yat 
Specification: +0.5% of (y44) = + he 
Par 4-59 Amplitude Accuracy 
Entry Minimum Measured Maximum 


Sine Wave Test 


@ Amplitude: 3.536 Vrms 


Sine, 100 Hz 3.499 Ve 3.577 V 
Sine, 1 kHz 3.495 V 3.577 V 
Sine, 100 kHz 04 ———E———— 3.577 V 


Amplitude: 1.061 Vrms 


Sine, 100 Hz 1.048.) SSS 1.073 V 
Sine, 1 kHz 1.28 ——EEE 1.073 V 
Sine, 100 kHz a ——E— 1.073 V 


Amplitude: 0.3536 Vrms 


DC, 1 mV 
Sine, 100 Hz OSes 0.3660 V 
Sine, 1 kHz O34 0.3660 V 
Sine, 100 Hz 34 EEE 0.3660 V 


Function Test 


Amplitude:10 Vpp 


Square, 99.9 Hz 3.661) eee 3.735V 
Triangle, 99.9 Hz SOA CV 6 eee, 3.754V 
Pos Ramp, 99.9 Hz 3.643), eee 3.754V 
Neg Ramp, 99.9 Hz 3043\, 3.754V 


& Square, 1 kHz S661V, 3.735V 


Triangle, 2 kHz 3643) 2 See 3.754V 


Pos Ramp, 500 Hz 3.643V 3.754V 
Neg Ramp, 500 Hz S.643V 3.754V 
Square, 100 kHz 3.661V 3.735V 
Triangle, 10 kHz 3.513V 3.883V 
Pos Ramp, 10 kHz 3.323) eS eae 3.996V 
Neg Ramp, 10 kHz CEP 3.996V 


Amplitude: 3 Vpp 


Square, 99.9 Hz 2:970' V0 (eee 3.030 V 
Triangle, 99.9 Hz 2.955 V 3.045 V 
Pos Ramp, 99.9 Hz 2.955.\) eee 3.045 V 
Neg Ramp, 99.9 Hz 22955 Ne ee 3.045 V 
Square, 1 kHz 2970 Ve ae 3.030 V 
Triangle, 2 kHz 2.955 V 3.045 V 
Pos Ramp, 500 Hz 2.955. 3.045 V 
Neg Ramp, 500 Hz 2:955 V0 ee 3.045 V 
Square, 100 kHz Z2:970IN2 See 3.030 V 
Triangle, 10 kHz 285067 eee eee 3.150 V 
Pos Ramp, 10 kHz 2100 Vee 3.300 V 
Neg Ramp, 10 kHz LOO Ne 3.300 V 
Amplitude: 1 Vpp 
DC: 1 mV 
Square, 99.9 Hz 0.970 V 1.030 V 
Triangle, 99.9 Hz 0.960 V 1.040 V 
Pos Ramp, 99.9 Hz 0.960 V 1.040 V 
Neg Ramp, 99.9 Hz 0.960 V 1.040 V 
Square, 1 kHz 0.970 V 1.030 V 
Triangle, 2 kHz 0.960 V 1.040 V 
Pos Ramp, 500 Hz 0.960 V 1.040 V 
Neg Ramp, 500 Hz 0.960 V 1.040 V 
Square, 100 kHz 0.970 V 1.030 V 
Triangle, 10 kHz 0.940 V 1.060 V 
Pos Ramp, 10 kHz OS90Vi gS 1.110 V 
Neg Ramp, 10 kHz O:890V0 2 1.110 V 
High Voltage (Option 002) Sinewave Test 
Amplitude: 14.14 Vrms 
Sine, 2 kHz 13.86 Vi ees 14.42 V 


High Voltage (Option 002) Function Test 
Amplitude: 40 Vpp 


Square, 2 kHz 3.466V 
Triangle, 2 kHz 3.466V 
Pos Ramp, 2 kHz 3.466V 
Neg Ramp, 2 kHz 3.466V 


Amplitude Flatness 


Sine, 3 Vpp, 1 kHz 
(Reference) 


Allowable tolerance 
(216.696) 
(0.934Y) 
2.001 MHz 
4.001 MHz 
6.001 MHz 
8.001 MHz 
10.001 MHz 
12.001 MHz 
14.001 MHz 
16.001 MHz 
18.001 MHz 
20.001 MHz 


Sine, 10 Vpp, 1 kHz 
(Reference) 


Allowable tolerance 
(+/6¢3%)) eee 

(0.937Y) 
2.001 MHz 
4.001 MHz 
6.001 MHz 
8.001 MHz 
10.001 MHz 
12.001 MHz 
14.001 MHz 
16.001 MHz 
18.001 MHz 
20.001 MHz 

Square, 10 Vpp, 
Pass 
High Voltage (Option 002) Flatness 


Sine, 40 Vpp, 
Pass 


3.607V 
3.607V 
3.607V 
3.607V 


~ (1.066Y) 


~ (1,063Y) 


(check one) 


(check one) 


Fail 


Fail 


Par. 4-61 
Entry 

5V 

-5V 
-1.499 V 
1.499 V 
499.9 mV 
-—499.9 mV 
— 149.9 mV 
149.9 mV 
49.99 mV 
-—49.9 mV 
— 14.99 mV 
14.99 mV 
4.999 mV 
— 4.999 mV 
— 1.499 mV 
1.499 mV 


DC Offset Accuracy (DC Only) 


Minimum 
+4.980 V 
-—4.980 V 


Maximum 
+5.020 V 
-—5.020 V 


— 1.49300 V 
+ 1.49300 V 
+0.49790 V 
—0.49790 V 


—0.14930 V 
+0.14930 V 


+0.04979 V 
— 0.04979 V 


—0.01493 V 


+0.01493 V 
+0.004979 V 
— 0.004979 V 
—0.001479 V 
+0.001479 V 


High Voltage Output Option 002 


20 V 
-20V 


Par. 4-63 


Sine 20.999 999 999 MHz 


4.5V 
-4.5V 


Sine 999.9 kHz 
-4.5V 
4.5V 


Square 999.9 kHz 
4.5V 
-4.5V 


Square 9.9999 MHz 
-4.5V 


+19.775 V 


— 1.50499 V 

+ 1.50499 
0.50190 

—0.50190 

— 0.15050 

+0.15050 

+0.05019 


Vv 
Vv 
Vv 
Vv 
Vv 
Vv 
-—0.05019 V 
-—0.01505 V 
+0.01505 V 
+0.005019 V 
— 0.005019 V 
—0.001519 V 

Vv 


+0.001519 


+20.225 V 


—19.775 V 


—20.225 V 


DC Offset Accuracy with AC Functions 


Minimum 


+4.350 V 


Maximum 


+4.650 V 


— 4.350 V. 


— 4.440 V 


-—4.650 V 


—4.560 V 


+ 4.440 V. 


+4.560 V 


+4.440 V 
-~4.440 V 


— 4.350 V 


+4.560 V 
-—4.560 V 


—4.650V 


Triangle 9.9 kHz 


& —-4.5V =4.440 V4 GOV 


Ramp 9.9 kHz 
-4.5V -4.380V__ COC 4.620 V 


Par. 4-65. Triangle Linearity 


Calculated Best Fit Tolerances 
x Values Positive Slope Measurement x times y Straight Line Minimum Maximum 
x, =1 (1020): ily) 
Xo = 2 (20%) \ 5 eS Va) 
%3 = 3 (30%) y3 (y3) 
x4 = 4 (40%) 'y, (y4) 
XxX, = 5 (50%) ye (Ys) 
Xe = 6 (60%) yg (Yg) 
x7 =7 (70%) yz (y7) 
Xg = 8 (800). SSS eva) 
Xg = 9 (30%): ¥q = eg) 
<x = 45 DV ee 
(Zx)? = 2025 ExLy 
Ix? = 285 
@ Par. 4-65. Triangle Linearity (Con‘d) 
Par. 4-65. Triangle Linearity 
Calculated Best Fit Tolerances 
x Values Negative Slope Measurement x times y Straight Line Minimum Maximum 
Xg = 9 (90%) yg (Yg) 
Xg = 8 (80%) yo (yg) 
x7 =7 (70%) yz (y7) 
Xg = 6 (6050) ) le) 
xX, = 5 (07) SS eye) 
X4 = 4 (40%) v4 (yq) 
x3 = 3 30°): SSS SSS ee (Ya) 
Xo = 2 (2020) SS ely) 
x, =1 (10%) y, (y,) 
z= 45 De ee ky ee 


@ ([x)2 = 2025 roxby_ 


rx? = 285 


Par. 4-67. x Drive Linearity 


Calculated Best Fit Tolerances & 


x Values Positive Slope Measurement x times y Straight Line Minimum Maximum 

x, =1 (020):\, SSS ty) 
Xo = 2 (20%) 'y5-—__ (V5) 
x3 = 3 (30%) y3 (y3) 
X4=4 (4090) ————————— enya) 
xX, = 5 (S006): SSS ilys) 
Xg = 6 (S0%0))\ ¢=———  — ——  — Ve) 
x7 =7 (72090) yo itys) 
xg = 8 (80%) yg (yg) 
X%y = 9 (90%) yg ES _EESSsY¥7°) 
Dz = 45 a) ee aXy 


(Ex)2 = 2025 E©xLy 
Ux? = 285 


Par. 4-69 Ramp Period Variation 


Negative Slope Ramp, 100 Hz ee, TOO US 
Positive Slope Ramp, 100 Hz eS FF 100 Ks 
Positive Slope Ramp, 99.9 Hz a ee ert OOS 


Par. 4-71. HP-IB Interface 
Pass Fail or Attach Calculator Tape 
Test 1 
Test 2 
Test 3 
Test 4 
Test 5 
Test 6 
Test 7 


Maintenance described herein is performed 
with power supplied to the instrument, and pro- 
tective covers removed. Such maintenance 
should be performed only by service-trained 
personnel who are aware of the hazards in- 
volved (for example, fire and electrical shock). 
Where maintenance can be performed without 
power applied, the power should be removed. 
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Model 3325A Adjustments 


SECTION V 
@ ADJUSTMENTS 
5-1. INTRODUCTION. 5-10 Analog Phase Interpolation (API) 
5-2. This section contains the procedures required to s-11 30 MZ Reference Oscillator 
adjust the 3325A to meet its specifications in Table 1-1. 5-12 Option 001 High Stability Frequency 
These adjustments should be used following repairs or if : Reference ; ee: 
performance tests indicate a deficiency. 5-13 Sinewave Amplitude Calibration 
5-14 X Drive 
Paragraph Adjustment 5-15 Amplifier Bias 
5-7 Power Supply 5-16 Ramp Stability 
5-8 D/A Converter Offset see a de aes : 1 
S a 
5-9 Voltage Controlled Oscillator Frequency eee ee 


Table 5-1. Test Equipment Required for Adjustments 


: Equipment | Critical Specifications Recommended Model 
AC/DC Digital AC Function: -hp-3455A/3466A 
Voltmeter 1 V Range 


Accuracy: +.5% | 
Resolution: 4 digits 

DC Function: 
Ranges: .1 V, 1 V, 10 V, 100 V 
Accuracy: +.2% 
Resolution: 4% digits 


= _ 


| Low Frequency Frequency Range: 1 kHz—50 kHz -hp-3580A/3585A 
Spectrum Analyzer Amplitude Accuracy: +0.5 dB 
Spurious Responses: 80 dB below 
: = ; _tef. ; Parnes Ne : —_ | 
@ Resistor 1 ko : -hp- Part No. 0683-1025) 
Electronic Counter Frequency measurement: to 20 MHz -hp-5328A 
Accuracy: +2 counts with Opt. 040 or 041 
7 7 __ Resolution: 8 digits _ = 
Oscilloscope Vertical: -hp-1740A 
2 channel 


Bandwidth: dc to 100 MHz 

Deflection: 5 mV to 10 V/div 
Horizontal: 

Main and Delayed Sweeps 

Main: 50 ns to 2 s/div 

Delayed: 50 ns to 20 ms/div 


Frequency Standard Frequency: 5 MHz -hp-105B | 
(for Option 001 only) Accuracy: 1 x 10-9 : = 
10:1 Oscilloscope Probe Impedance: 1 MQ, 12 pF — -hp-10041A__ _ | 
DC Power Supply Volts: 0 - 10 V -hp-6214A | 
; Amps: 10 mA - _ / 
Oscillator Frequency: 1 kHz -hp-204C 
I _ Amplitude: 1 Vrms - _ : | 
High Frequency Frequency Range: 1 kHz - 80 MHz -hp-141T/8552B/8553B/ 
Spectrum Analyzer il Amplitude Accuracy: +.5 dB 8566A/8568A 
| Thermal Converter Input Impedance: 502, Input -hp-11050A 


| Voltage: 1Vrms, Frequency: 1kHz 
to 20MHz, Frequency Response: 


+0.05dB 
Resistor | 20002 1% 1/8W -hp- 0757-0407 
Resistor 5002 1% 0.5W -hp- 0698-5965 
& Resistor 132 1% 1/8W | -hp- 0757-0380 
Resistor 250 5% 1/4W -hp- 0683-2505 
Resistor 15002 1% 1/8W -hp- 0757-0284 
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Adjustments 


NOTE 


Table 8-4 lists the adjustment procedures that 
must be performed after repair of certain 
circuits. 


5-3. EQUIPMENT REQUIRED. 


5-4. Each adjustment procedure lists the test equipment 
required to perform that adjustment. All test equipment 
required for adjustments is itemized in Table 5-1. Any 
equipment that satisfies the critical specifications given 
in the table may be substituted for the recommended 
model. 


5-5. ADJUSTMENT PROCEDURES. 


5-6. The Power Supply and D/A Converter Offset ad- 
justments must be performed before any of the others 
are made. It is recommended that all adjustments be per- 
formed in the order given. Location of all adjustments 
is shown on a foldout page, Figure 5-3, at the end of this 
section. Remove the top and bottom covers to gain ac- 
cess to all adjustments. 


NOTE 


The metal stiffener channel on the deck be- 
tween the printed circuit boards may be used 
as circuit ground for all measurements. 


NOTE 


The following procedures apply to all board 
revisions (e.g. A2 Rev A - Rev F, A21(1) Rev 
A ..., Al4(4) Rev A ..., etc.,) unless other- 
wise noted. 


5-7. Power Supply. 
Equipment Required: de digital voltmeter (-hp- Model 


3466A) 


AC power line voltage is exposed at the rear 
panel and on the power supply assembly. 


a. Connect a dc digital voltmeter between the -15 V 
test point on the power supply assembly, A2, and 
ground. 


b. Adjust the —15 V Adj (A2R22) for a voltmeter 
reading of — 14.970 to — 15.030 V. 


c. Measure the voltages at the +15V test point and 
+ 5V test point on A2. The readings should be + 14.970V 
to + 15.030V and +5.010V to +5.070V respectively. If 
not, readjust the -15V Adj control to bring all three volt- 
ages within tolerance. These voltages may be adjusted out 
of tolerance by paragraph 5-8, step h. This is not a cause 
for concern. 
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Model 3325A 


5-8. D/A Converter Offset. 


Equipment Required: de digital voltmeter (-hp- Model & 
3466A) 


a. Adjust DAC Offset Adj (A14R40) to mechanical 
center. 


b. Press the function select key for whichever func- 
tion is presently active. This sets the output to DC Off- 
set only. Enter @ V DC Offset. 


c. Press AMPTD CAL key. 


d. Connect a dc digital voltmeter to Amp Out test 
point on Al4. 


e. Adjust DAC Offset Adj (A14R40) for a voltmeter 
reading of less than 5mV. Disconnect voltmeter from 
Amp Out test point. 


f. Enter 5 V DC Offset. Press AMPTD CAL key. 


g. Connect digital voltmeter to 3325A Signal Output. 
BDe-net use a 50-ohm load. 


h. Adjust —15 V adj (A2R22) for voltmeter reading 
of +9000 V.. 
~ S.d000V 
Enter -5 V DC Offset. Voltmeter readin should be 
PTOI. qs. "Le mbar v, 
Cc = f x ~ ad. 
6. 9. Voltage Controlled Oscillator veo eewieicy. 


Equipment Required: dc digital voltmeter (-hp- Model 
3466A) 


a. Connect a dec digital voltmeter to test point 
A21TP11. 


b. Set the 3325A frequency to 60 MHz. 


c. Adjust VCO Adj (A21L162) through hole in metal 
cover with a non-conductive tool for a voltmeter read- 
ing of -2.990V to -3.010V. 


d. Set the frequency to 1kHz. Voltmeter reading should 
be between + and + ig ae 


5-10. Analog Phase fatacofation (API). 


Equipment Required: 
Low frequency spectrum analyzer (-hp- Model 
3580A/3585A) 
Resistor, 1 kQ (-hp- Part No. 0683-1025) 


a. Set 3325A as follows: 


BUNnCHOMG Sint ne sete oe eee er eens Sine 
FREQUENCY. <nac eeu. ties oesinp nn. 5.003 MHz 


b. Connect the low frequency spectrum analyzer input 
through a 1kQ series resistor to A21TP11. 


Model 3325A 


c. Set spectrum analyzer controls as follows: 


Start Frequency... 4... esas2n. isa 6 ® kHz 
Band within sss. oareetuster cnt eeoer sets 30 Hz 
Frequency Span... .:..00:e755%6 1 kHz/div 
Display Smoothing.................. Max 
Sweep Time/DIV. 00.0. aee6+ as ee 200 sec 
Input Sensitivity.................. 10 mV 
Amplitude Reference............. Normal 
Amplitude Mode............... 10 dB/div 
Sweep Modes. oa acre om cteues Manual 


d. Adjust the spectrum analyzer manual vernier con- 
trol to place the display marker at the peak of the API 
spur which appears at 3 kHz (3 display divisions). 


e. Adjust the API 1 Adj (A21R76) to reduce the spur 
to a minimum. 
f. Change 3325A frequency to 5 000 300 Hz. 


g. Adjust API 2 Adj (A21R74) to again reduce the spur 
on the spectrum analyzer display to a minimum. 


h. Change 3325A frequency to 5 000 003 Hz. 


i. Adjust API 4 Adj (A21R88) to reduce the spur to 
a minimum. 


j. Set the 3325A to 5.003MHz and readjust API 1 
(A21R76) to its minimum value. Also check the harmonic 
distortion performance test (paragraph 4-38, steps e 
through h). 


5-11. 30 MHz Reference Oscillator. 


Equipment Required: electronic counter (-hp- Model 
5328A) 


NOTE 


The instrument must have been ON for at 
least 20 minutes before performing this ad- 
jJustment. 


a. If the instrument has the Option 001 High Stability 
Frequency Reference installed, the rear panel connec- 
tion from ‘‘10 MHz Oven Output’’ to ‘‘Ext Ref In”’ 
must be disconnected. 


b. Connect an electronic counter to the 3325A signal 
output, using 50-ohm input termination. 


c. Set the 3325A as follows: 


FUNGCOMN cae, cuxciasorerc neon oe pea ia ee anes Sine 
TECUENICY cass arn sucess sheter<norenormy suave 20 MHz 
Amplitudes. cet cniedarases teenies 10 Vp-p 


d. Adjust the counter to measure frequency (20 
MHz). 


e. Adjust Ref (A3R30) for a counter display of 
20.000 000 MHz. 


5-12. Option 001 High Stability Frequency Reference. 


Adjustments 


Equipment Required: 
Oscilloscope, 2 channel (-hp- Model 1740A) 


Quartz Frequency Standard, 5 MHz (-hp- Model 
105B) 


NOTE 


The rear panel “‘10 MHz Oven Output’’ must 
be connected to ‘‘Ext Ref In’’. 


a. This procedure is for instruments with the Option 
001 High Stability Frequency Reference. The instru- 
ment must have been connected to ac power (either in 
STBY or ON) for at least 30 minutes before attempting 
this adjustment. 


b. Connect the frequency standard 5 MHz output to 
one vertical channel of the oscilloscope and trigger the 
sweep from this channel. 


c. Set the 3325A as follows: 


Functions saree terre ert rae Sine 
PRCQUENCVinws sams 6 oem seco ole 5 MHz 
AIMPNtUGes ce seat oe cite ei ote ers 10 Vp-p 


d. Connect the 3325A signal output to the second 
channel of the oscilloscope. 


e. Adjust the Fine Adj (A9R7) to stop the 3325A 
signal on the oscilloscope display. (The frequency stan- 
dard signal must be stationary, and the 3325A signal as 


near stationary as possible.) 


f. If the Fine Adj (A9R7) does not have enough 
range, proceed with Step g. 


g. Adjust the Fine Adj (A9R7) to mechanical center. 


h. Remove the screw from the Coarse Frequency ad- 
justment in the end of the temperature controlled oven 
assembly (A9E1). 


i. Using a non-conductive tool, adjust the Coarse 
Adj. to stop the 3325A signal on the oscilloscope (as 
near stationary as possible). 


j. Replace the screw in the oven assembly and repeat 
Step e. 


5-13. Sinewave Amplitude Calibration. A4 


Equipment Required: 
Oscilloscope (-hp- Model 1740A) 
10:1 Oscilloscope Probe (-hp- Model 10041A) 
DC Power Supply (-hp- Model 6214A) 
Oscillator (-hp- Model 204C) 
AC digital voltmeter (-hp- Model 3466A) 


a. Set the 3325A to STBY. 


A4 - see Section VII for alternate procedure 


Adjustments 


Do not allow disconnected cable connectors 
to contact the printed circuit board or com- 
ponents, or circuits may be damaged. 


b. Adjust the de power supply output to +5 V and 
connect it between the AMPTD MOD input and 
ground. 


c. Disconnect cable W23 at A3J23. 

d. Measure the oscillator (-hp- 204C) output with the 
ac digital voltmeter and adjust the output level to ap- 
proximately 1 V rms at a frequency of 1 kHz. Connect 
the oscillator output between the center contact of 
A3J23 and ground. 


e. Set 3325A power switch to ON and set EXT MOD 
to AM ON. 

f. Connect the oscilloscope through a 10:1 probe to 
A3TP4. Set oscilloscope input to ac coupled, sweep to 1 
ms/div. 


g. Adjust Y offset in (A3R60) to null out the sine 
wave signal on the display. (Change oscilloscope vertical 
gain as necessary to observe the signal.) 


h. Ground the oscilloscope input and zero the trace 
on the center line. Set the input to dc coupled. 


i. Adjust Offset Out (A3R68) to return the 
oscilloscope trace to the center line (@ Vdc). 


j. Set the 3325A to STBY. Disconnect the dec power 
supply and the oscillator, and reconnect cable W23 to 
A3J23 


k. Turn 3325A to ON. 


1. Connect an ac digital voltmeter to the 3325A signal 
output via a 50 ohm feedthru termination. 


m. Set the 3325A to 1 kHz, Sine, 1 Vp-p, and 1 mV 
DC OFFSET. Press AMPTD CAL key. 


n. Adjust Offset In (A3R33) for a voltmeter reading 
of .3536 Vrms + .0040 Vrms. 


o. Repeat Steps m and n until output voltage of .3536 
Vrms does not change when AMPTD CAL key is press- 
ed. 


p. Set the DC OFFSET to 0 V. The output voltage 
should remain at .3536 Vrms + .0040 Vrms. 

q. Set the output voltage to 10 Vp-p. The output 
voltage should be 3.536 Vrms + .040 Vrms. 


r. If necessary, the adjustment of R60 may be com- 
promised slightly to bring these two voltages into 
tolerance. 


5-14. X Drive. 


Equipment Required: dc digital voltmeter (-hp- Model 
3466A) 
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Model 3325A 


a. Connect a de digital voltmeter to 3325A rear panel 
X Drive output. 


NO SO“X 


b. Set the 3325A as follows: 


| SUD ie] ALO) trenconereren neh ceoreery ereyamen aioe anes Sine 
Amplitudes 4c 51ae snes se rene 10 Vp-p 
Sweep start Brequ. cance ecco 1 MHz 
Sweep Stop Pred...:..cs6 «scene wre ws 10 MHz 
Sweep Marker Pred eiccsscc-c sc va e-arais 5 MHz 
SWEEP! MMC seg saree cea es 0.999 sec 


c. Press RESET/START key to reset sweep to start 
conditions. 


d. Digital voltmeter reading should be less than 
20 mV. 


e. Adjust X Drive (A14R6) to mechanical center. 


f. Press RESET/START key once to initiate a single 
sweep. At the end of the sweep the digital voltmeter 
reading should be + 10.450 to + 10.550 V. 


g. If the reading is less than + 10.450V, adjust X Drive 
(A14R6) slightly clockwise; and if reading is greater than 
+10.550V, adjust X Drive slightly counterclockwise. 


NOTE 


The voltmeter reading will not respond to ad- 
justment of X Drive (A14R6). The effect of 
this adjustment can be observed only after 
another single sweep. Following the end of a 
sweep, the X Drive output voltage will drift 
downward at < ImV per second. 


h. Press RESET/START twice to initiate another 
sweep. If necessary, readjust X Drive (A14R6), turning 
clockwise to increase voltage and counterclockwise to 
decrease voltage. 


i. Repeat Steps g and h until proper voltage (+ 10.450 
to +10.550 V) is measured immediately following the 
end of asweep. 


5-15. Amplifier Bias Adjustment. A5 


Equipment Required: High frequency spectrum analyzer 
(-hp- Model 141T/8552B/8553B/8566A/8568A) 


a. With the 3325A in its turn-on condition, set the 
frequency to 10 MHz, function to square wave, and 
amplitude to .999 Vp-p. 


AS - see Section VII if necessary for alternate adjustment 
locations 


Model 3325A 


b. Adjust the spectrum analyzer as follows: 


Center Frequency. sc cos.c.5:0 006000 50 MHz 
Band widtite cs sans ois eres 300 kHz 
Scanewidthes.70 eee 0-100 MHz 
Input Attentations: <6 se6se0senns con 40 dB 
Wideorhilterww cca tree 10 kHz 
Scanliimetm reece tee er 10 msec/div 
Log Reference Level... + 10dBm,10dBLOG 
Vemnichaca aac ore eran eta —5 dBm 
ScaniMOdenaa cs ace eres cicenrneee INT 
Scan (rigger ieee AUTO 


c. Connect the 3325A signal output to the spectrum 
analyzer input. Do not use a 50 2) feed through termina- 
tion. 


d. The spectrum analyzer should display the high 
level odd harmonics and low level even harmonics of the 
10 MHz square wave. 


e. Adjust the bias, Al4R275 to minimize the 20MHz 
second harmonic. It should dip sharply to > 34dB below 
the fundamental. 


5-16. Ramp Stability. 


Equipment Required: Oscilloscope, with delayed sweep 
(-hp- Model 1740A) 


a. Connect 3325A signal output to the oscilloscope 
vertical input. (Do NOT use a 10:1 probe.) If the 
oscilloscope is an -hp- Model 1740A, set the input 
switch to the 50-ohm position. If your oscilloscope does 
not have a 50-ohm input, use a 50-ohm load (-hp- Model 
11048C 50-ohm Feedthru Termination) at the input. 


b. Set the 3325A as follows: 


BUNCHON sy ereracsuseierets Positive Slope Ramp 
FIeQueney’ss.ci 65.105 esis arse seis 100 Hz 
ATOPIC Gers tesroccire ayes teeter oceny 10 Vp-p 


Remove the RMP test jumper 


c. Set the oscilloscope as follows: 


VENLICAL My rect atetcesete ler caeicrstore patorsneerers 2V/div 
IMIATNIS WEED: erantseaayorsictenerers ete ceeereae 2ms/div 
Delayed SWEEP eiNarser0 <1 errs cis eres 20nS/div 
TRS QEr ne ass ese s Sercw ome vase Negative 
Delay eerie s wires as er eras a Mid Screen 
Display cectacid erccetit te puter crseey: A or B 


(Do not use ALT or CHOP) 


d. Set the oscilloscope to delayed sweep. Adjust the 
delay to see the ramp reset jitter and read the positive 
ramp jitter in microseconds. 


e. Press the Negative Ramp function on the 3325A. 


f. Change the trigger on the oscilloscope to positive and 
note the negative ramp jitter in microseconds. 


Adjustments 


g. Bump the 3325A frequency to 99.999999Hz and read 
the ramp jitter in microseconds. 


h. If any of the above readings exceed 60ys, adjust 
A14C110 to reduce the jitter. 


i. Repeat the ramp jitter measurements of steps d and 
f, adjusting A14C110 as necessary to reduce the jitter to 
60us or for the best compromise between the two. 


NOTE 
If ramp jitter cannot be adjusted satisfactor- 
ily, troubleshoot the ramp generating circuitry 
(Service Group J). 


j. The RMP test jumper can be left off if it results in 
the best possible adjustment. 


ff 


Figure 5-1. Ramp Reset Waveform. 
5-17. Amplitude Flatness. A5 


Equipment Required: 1Vrms/50Q Thermal Converter 
(-hp- Model 11050A), Digital Voltmeter (-hp- Model 
3455A/3466A), Resistor 2002 1% 1/8W 0757-0407, 
Resistor 50Q 1% 0.5W 0698-5965, Resistor 130 1% 1/8W 
0757-0380, Resistor 250 5% 1/4W 0683-2505, Resistor 
1500 1% 1/8W 0757-0284 


a. Set the 3325A as follows: 


Function: =... eecmtecetsc omar oes par Sine 
PAM pltudes ececvieca-ccsre are ceners ate seas ares 10Vp-p 
EFEQUEN GY? corer crea torsnare sie ore wh cto ore enero 1kHz 


b. Connect the 3325A signal output (through the 
10Vp-p pad and thermal converter) to the digital volt- 
meter (see Figure 5-2a). 


CAUTION 


Insure that the input voltage to the thermal 
converter does not exceed 1Vrms. Also for 
best results, allow the thermal converter time 
to settle and adjust to surrounding tem- 
peratures. 


c. Note and record the dc voltage reading on the volt- 
meter. This is the flatness reference voltage. 


d. Set the 3325A frequency to 20MHz. Using a non- 
conductive tool, adjust Al14C217 to obtain the same read- 
ing as the reference recorded in step c. 


e. Set the 3325A to 1OMHz. Adjust A14R142 to ob- 
tain the same reading as recorded in step c. Repeat step 
d, adjusting Al4C217 as necessary. 


AS see Section VII for alternate procedure 


Adjustments 


f. Set the 3325A to 16MHz. The voltmeter reading 
should be within + 0.15mV of the reference recorded in 
step c. If not, decrease padding capacitor A14C101 using 
the capacitors shown in Table 5-2. Repeat steps d and e. 


g. Set the 3325A to 20MHz. Bump the frequency down 
to IMHz in 1MHzsteps. Note the dc voltage at each fre- 
quency and insure that it is within +0.15mV of the refer- 
ence recorded in step c. 


h. If the dc voltage measured in the 19-21MHz range 
is out of tolerance, increase or decrease the value of 
A14C103 as necessary, using the values shown in Table 
5-2. If Al4C103 is changed, repeat steps d and g. 


i. Set the 3325A amplitude to 3.0Vp-p. 


j. Replace the 10Vp-p pad with the 3.0Vp-p pad (Figure 
5-2b). Repeat steps d and g. If a voltage measured in step 
g is out of tolerance, repeat the amplitude flatness ad- 
justment with the 3325A at both 10Vp-p and 3Vp-p until 
all voltages are within tolerance. 


CAUTION 
Insure that the input voltage to the thermal 
converter does not exceed 1Vrms. 


5-18. Mixer Spurious Signal. 


Equipment Required: high frequency spectrum analyzer 
(-hp- Model 141T/8552B/8553B/8566A/8568A) 


a. Set the 3325A as follows: 


Model 3325A 


b. Set the spectrum analyzer as tollows: 


Center Frequency: . sc.scencmso sees 10MHz 
Bandwidth wss¢seasscesetetascnees 30kHz 
Scan Widthice saccs se perenne 2MHz/div 
InputeAtlentator. soaice cis ciersse ene (once 10dB 
SCAM Wine aa e aeeae ees een ne 20ms/div 
Log Ref eeveln: ac sade seesens oe aes 0dB 
Vernietiecrnsc recente eens — 10dB 
SCale mercer acer arctan ereeiierse ce 10dB log 
Video! Filter sc)ens-de.cn cee cee ene e 10kHz 
Scan Modésnc: cn vsres teen seman ass Int 
Scan Wirieg er iycae coccacteeeter econ are Auto 


c. Connect the 3325A signal output to the spectrum 
analyzer’s 500 input. 


d. The 2:1 mixer spur should occur at 1OMHz. Using 
a non-conductive tool, adjust A3R115 (MXR ADJ) until 
the 2:1 spur is at a minimum. Check the VCO/2 spur at 
5MHz. 


e. Using the modify keys, bump the frequency from 
20MHz to 11MHz in 1MHz steps. Observe the spectrum 
analyzer for spurious responses. At 18MHz, check for 
the 3:2 spur at 6MHz. Note that in all cases, all spurious 
responses should be > 70dB below the desired signal. 


Table 5-2. Padding Values. 


Al4C101 


68pf -hp- p/n 0140-0192 
75pf -hp- p/n 0160-2202 
_ 82pf*-hp- p/n 0160-0145 


130pf -hp- p/n 0140-0195 
140pf*-hp- p/n 0140-0217 
150pf -hp- p/n 0140-0196 


*Loaded Value 


10Vp-p Pad 


1V/5002 
Thermal 
Converter 


Thermal 
Converter 


— 


Figure 5-2b. Amplitude Flatness Adjustment (3Vp-p Pad). 
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Figure 5-3. Location of Adjustments. 
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Model 3325A Replaceable Parts 


SECTION VI 
REPLACEABLE PARTS 


6-1. INTRODUCTION. 


6-2. This section contains information for ordering replacement parts. Table 6-3 lists parts 
in alphanumeric order of their reference designators and indicates the description, -hp- part 
number of each part, together with any applicable notes, and provides the following: 


a. Total quantity used in the instrument (Qty column). The total quantity of a part is 
given the first time the part number appears. 


b. Description of the part. (See List of Abbreviations in Table 6-1.) 


c. Typical manufacturer of the part is a five-digit code. (See Table 6-2 for List of 
Manufacturers.) 


d. Manufacturer’s part number. 


6-3. Miscellaneous parts are listed in Table 6-3 following their respective assemblies. 
& General miscellaneous parts are listed at the conclusion of Table 6-3. 


6-4. ORDERING INFORMATION. 


6-5. To obtain replacement parts, address order or inquiry to your local Hewlett-Packard 
Field Office. (See List of Office Locations at the end of this manual.) Identify parts by their 
Hewlett-Packard part numbers. Include instrument model and serial numbers. 


6-6. NON—LISTED PARTS. 
6-7. To obtain a part that is not listed, include: 


. Instrument model number. 

. Instrument serial number. 

. Description of the part. 

. Function and location of the part. 


aad oe Df 


6-8. PROPRIETARY PARTS. 


6-9. Items marked by a dagger (7) in the reference designator column are available only for 
repair and service of Hewlett-Packard instruments. 


6-10. PRINTED CIRCUIT ASSEMBLIES. 


6-11. Printed circuit assemblies are listed in Table 6-3. An itemized parts listing of each as- 
sembly is located in the service group associated with each printed circuit assembly. 
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Replaceable Parts 


silver 
aluminum 
ampere(s) 
gold 


capacitor 

.. ceramic 
coefficient 

. common 
composition 
connection 


deposited 
double-pole double-throw 
double-pole single-throw 


electrolytic 
encapsulated 


5 farad(s) 
field effect transistor 
fixed 


gallium arsenide 
gigahertz = 10*9 hertz 
guard(ed) 

germanium 
ground(ed) 


henry (ies) 
mercury 


assembly 

motor 

battery 

capacitor 

diode 

delay line 

i lamp 
misc electronic part 

. fuse 


Table 6-1. List of Abbreviations. 


ABBREVIATIONS 


hertz (cycle(s) per second) 


inside diameter 
impregnated 
incandescent 
insulation(ed) 


kilohm(s) = 10+3 ohms 
kilohertz = 10*3 hertz 


inductor 
linear taper 
. logarithmic taper 


milliampere(s) = 10°3 amperes 
megahertz = 10*6 hertz 
megohm(s) - 10*6 ohms 
metal film 

manufacturer 
millisecond 

mounting 

millivolt(s) = 10° volts 
microfarad(s) 
microsecond(s) 
microvolt(s) = 10°6 volts 


Mylar(R) 


nanoampere(s) = 10°9 amperes 
normally closed 

neon 

normally open 


DESIGNATORS 


filter 

heater 

integrated circuit 
jack 

relay 

inductor 

meter 
mechanical part 
plug 


Table 6-2. List of Manufacturers. 


NPO 


ns 


Se 
sect 
si 


Qa 
acrR 
R 


RT 


Negative positive zero 

(zero temperature coefficient) 
nanosecond(s) = 10°9 seconds 
not separately replaceable 


ohm(s) 
order by description 
outside diameter 


peak 

picoampere(s) 

printed circuit 

picofarad(s) 10°12 farads 

peak inverse voltage 

part of 

position(s) 

polystyrene 

potentiometer 

peak-to-peak 

parts per million 

precision (temperature coeffient, 
long term stability and/or tolerance) 


resistor 

rhodium 
root-mean-square 
rotary 


selenium 
section(s) 
silicon 


transistor 
transistor diode 
resistor 
thermistor 
switch 
transformer 
terminal board 
thermocouple 
test point 


Manufacturer Name 


Address 


Model 3325A 


slide 
single-pole double-throw 
single-pole single-throw 


tantalum 

temperature coefficient 
titanium dioxide 

toggle 

tolerance 

trimmer 

transistor 


volt(s) 

alternating current working voltage 
variable 

direct current working voltage 


watt(s) 

with 

working inverse voltage 
without 

wirewound 


optimum value selected at factory, 


average value shown (part may be omitted) 


no standard type number assigned 
selected or special type 


®) Dupont de Nemours 


terminal strip 

muicrocircuit 

vacuum tube, neon bulb,photocell, etc 
cable 

socket 

lampholder 

fuseholder 

crystal 

network 


$0545 
00000 
00494 


Nippon Electric Co. 
Any Satisfactory Supplier 


Tokyo, JP 


01121 
01295 
03888 
04713 
06383 


Addressograph Multigraph Corp. 
Allen-Bradley Co. 


Texas Instr Inc. Semicond Cmpnt Div. 


KDI Pyrofilm Corp. 
Motorola Semiconductor Products 
Panduit Corp. 


Cleveland, OH 44117 
Milwaukee, WI 53204 
Dallas, TX 75222 
Whippany, NJ 07981 
Phoenix, AZ 85008 
Tinley Park, IL 60477 


07263 Mountain View, CA 94042 
Concord, NH 03301 
Sunnyvale, CA 94086 

Mineral Wells, TX 76067 
Bradford, PA 16701 

Santa Monica, CA 94040 
Santa Clara, CA 95051 

Palo Alto, CA 94304 
Somerville, NJ 

Cupertino, CA 95014 
Riverside, CA 92507 
Sunnyvale, CA 94086 

State College, PA 16801 
Chattanooga, TN 13035 
Santa Clara, CA 95051 

North Adams, MA 01247 
Florence, SC 06226 
Waseca, MN 56093 


Fairchild Semiconductor Div. 
13606 Sprague Elect Co. Semiconductor Div. 
18324 Signetics Corp. 

19701 Mepco/Electra Corp. 

24546 Corning Glass Works (Bradford) 
26654 Varadyne Inc. 

27014 National Semiconductor Corp. 
28480 Hewlett-Packard Co. Corporate Hq. 
3L585 RCA Corp. Solid State Div. 
32293 Intersil Inc. 

32997 Bourns Inc. Trimpot Prod Div. 
34335 Advanced Micro Devices Inc. 
51642 Centre Engineering Inc. 

52763 Stettner Electronics Inc. 

55576 Synertek 

56289 Sprague Electric Co. 

72136 Electro Motive Corp. 

74970 Johnson E F Co. 

75042 TRW Inc. Philadelphia Div. 
75915 Littelfuse Inc. 

84411 TRW Capacitor Div. 

91637 Dale Electronics Inc. 


Philadelphia, PA 19108 
Des Plaines, IL 60016 
Ogallala, NE 69153 
Columbus, NE 68601 
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Replaceable Parts 


Reference 
Designation 


AaC10 


AeC11 


HP Part 
Number 


04325-66502 


0160-3508 
0160-3508 
0160-3558 
0160 


0180-4610 
0160-3847 


0160-3508 
0160-4571 
0180-1701 
0160-3847 
0180~2823 


0180-0423 
0180-0423 
0180-3008 


Table 6-3. Replaceable Parts 


Description 


POWER SUPPLY A 


CAPACITOR-FXD 
CAPACI TOR--FXD 
CAPACTTOR-FXD 
CAPACITOR -FXD 
CAPACLTOR~FXD 


CAPACTTOR~FXD 
CAPACITOR-FXD 
CAPACITOR -FXD 
CAPACITOR-FXD 
CAPACITOR--FXD 


CAPACTTOR-FXD 
CAPACTTOR~-FXD 
CAPACTTOR-FXD 
CAPACTTOR~FXD 
CAPACITOR-FXD 


CAPACTTOR-FXD 
CAPACITOR-FXD 


SSY 


TUF +80-20% SOVDC CER 
1Ur #30-20% SOvVpC CER 
-1UF +-20% SOVDC CER 
»1UF #°20% SOVDC CER 
1OO0UF+50-10% 35VDC AL 


1UPF +80-20% SOYVDC CER 
4.7UF+-20% 10VDC TA 
LOO0OUFt#S0-10% S35VDC AL 
SNOOUF+50-10% 16YDC AL 
-O1UF #100-0% SOVDC CER 


1UF +80~20% SOVDC CER 
-1UF #80~-20% SOVDC CER 
&.8UF+-20% 6VDC TA 
-O1UF 4+100-0% SOVDC CER 
47 0UF+50°-10% 6, 3VDC AL 


1OOUFASO-10% 25VDC AL 
LOOUF+S0-10% 25VDC AL. 


28480 


28480 
23480 
28480 
en4en 
20480 


20480 
56289 
28480 
23480 
28480 


20430 
20480 
56209 
28480 
20480 


28480 
23460 


Replaceable Parts 


Mfr Part Number 


03325-66502 


0160-3508 
0160-3508 
0140-3558 
0160-3558 
0180-2635 


6160-3508 
1SOD475x0010A2 
9180-2635 
0180-4610 
0160-3847 


0160-35638 
0160-4 
1500685xX0006A2 
0160-3847 
01809-2823 


0180-0423 
0180-0423 


CAPACITOR-FXD 470UF4+50-10% S35VDC Al. 
CAPACITOR-FXD 470UF+50-10% 6.3VDC AL 


20480 
20480 


0180-3008 
0180-2823 0180-2823 
1901-0662 
1901-0662 
1901-0662 
1901-0662 
1902-0025 


DIODE-PWR RECT 100V 6A 
DIODE~PWR RECT 100V 6A 
DIODE-PWR RECT 100 6A 
DIODE-PWR RECT 100V 6A 
DIODE--ZNR 10V 5% DO-35 PD=,4W TC=+, 060% 


04713 
94713 
04713 
04713 
28480 


MR751 
MR751 
MR7S1 
MR751 
1902-0025 


1902-3214 DIODE~ZNR 16.2V 2% DO-35 PD=.4W 
1901-0040 DIODE-SWITCHING 30V SOMA 2NS DO-35 
1902-0777 DIODE~ZNR 1N825 6,2V S% DO-7 Pbd=,4W 
1884-0266 THYRISTOR -SCR 2N6400 TO-220AR YVRRM=S50 
1901-0040 DIODE-SWITCHING 30¥ SOMA 2NS DO-35 


28480 
23480 
04713 
3L585 
29480 


1902-3214 
1901-0040 
INB25 

2N6400 

A2CR1I2 1901-0040 
AaCR1IS 
A2CR14 
A2CR1IS 
APCRIG 
ABCR1I7 


1701-0040 
1901-0040 
1901-0518 
1901-0040 
1901-0535 


DIODE-SWITCHING 30Y¥ SOMA 2NS DO-3S 
DIODE -SWITCHING 30Y SOMA 2NS DO-35 
DIODE~SM SIG SCHOTTKY 
DIODE-SWITCHING 30V SOMA 2NS DO-35 
DIODE-SM SIG SCHOTTKY 


28480 
28480 
28480 
28400 
28480 


1901-0040 
1901-0040 
1901-0518 
1901-0040 
1901-0535 
A2CR1B 19701-0518 DIODE-SM SIG SCHOTTKY 


28480 1901-0518 


0490-0745 RELAY 1€ 6VDC-COIL 1A 115VAC 28480 0490-0745 


9100-3807 INDUCTOR RF-CH MLD 110NH S% ,166DX, 365L6 28480 9100-3807 
1251-4246 
1251-3750 
1251-3638 
1251-4246 
1251-3570 
03325-66901 
03325-66902 
03325-66903 
1854-0094 
1853-0089 


CONNECTOR 3-PIN M POST TYPE 
CONNECTOR 10-PIN M POST TYPE 
CONNECTOR 6-PIN M POST TYPE 23480 

CONNECTOR 3-PIN M POST TYPE 28480 1251-4246 
CONNECTOR 10-PIN M POST TYPE 28480 1251-3570 
XSTR ASSEMBLY 28480 03325-66901 
XSTR ASSEMBLY 28480 03325-66902 
XSTR ASSEMBLY 28480 
TRANSISTOR NPN SI PD=200MW FT=350MHZ 29480 
TRANSISTOR PNP 2N4917 SI PD=200MW 07263 


28480 1251-4246 
28480 


1854-0094 
2N4917 


“ar>sdwnd®ora 


1854-0215 
1853-0089 
1854-0215 
1854-0071 
1954-0692 


TRANSISTOR NPN SI PD=350MW FT=300MHZ 
TRANSISTOR PNP 2N4917 GI PD=200MW 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 
TRANSISTOR NPN SI PD=300MW FT=200MHZ 
TRANSISTOR NPN SI PD=15W FT=SOMHZ 


04713 
07263 
04713 
28480 
04713 


2N3904 
2N4917 
EN3904 
1854-0071 
MIE223 


Svea 


1953-0089 
1853-0450 
1853-0066 


TRANSISTOR PNP 2N4917 SI PD=200MUW 
TRANSISTOR PNP SI TO-220ARh PD=60W 
TRANSISTOR PNP SI TO-92 PD=625MW 


07263 
04713 
28480 


QN4917 
MIES71K 
1853-0066 


oben 


0757-0283 
0757-0283 
0683-2035 
0811-2546 
0683-3925 


RESISTOR 2K 1% 
RESISTOR 2K 1% 
RESISTOR 20K 5% 
RESISTOR .56 5% 
RESISTOR 3.9K 5% 


24546 
24546 
01121 
75042 
01421 


C4-1/8-T0~-2001-F 
C4-1/8-T0-2001-F 
Ch2035 
BU~20—1/2-RE6~I 
CE3925 


-SW PW TC=0+~-300 
,25W FC TC=-400/4+700 


MEA Ko 


0757-0280 
0757-0280 
0683-2035 
0683-1025 
0811-0548 


RESISTOR 1K 1% .125W F TC=0+-100 
RESISTOR 1K 1% .125W F TC=0+-100 
RESISTOR 20K 5% .25W FC T 400/+800 
RESISTOR 1K 5% .25W FC TC 00/4600 
RESISTOR .47 S% .SW PW TC=0+ -300 


24546 
24546 
01121 
01121 
75042 


C4-1/8-T0~1001-F 
C4~1/8-T0—1001-F 
CR2035 
CB1025 
BW20-5/10~.47R-F 


moO WO oO 


0683-1025 
0683-4715 
0683-1525 
0683-1015 
0757-0404 


RESISTOR 1K 5% .25W FC TC=-400/+600 
RESISTOR 470 5% .25W FC T 400/+600 
RESISTOR 1.5K 5% .25W FC T 400/7+700 
RESISTOR 100 5% .25W FC TC=-400/+500 
RESISTOR 130 1% ,125W F TC=0+-100 


o1121 
01121 
01121 
Q1121 
24546 


CH1025 
CB4715 
CRIS25S 
CB1015 
C4~1/8-TO-131-F 


KWrn 


0757-0441 
0757-0460 
0683-5125 
0683-2705 
0698-6360 


RESISTOR 8.25K 1% .125W F TC=0+-100 
RESISTOR 61.9K 1% .125W F TC=0+-100 
RESISTOR 3.1K 5% .25W FC TC=-400/+700 
RESISTOR 27 5% ,25W FC TC=-400/+500 
RESISTOR 10K .1% .125W F TC=0+-25 


24546 
24546 
01121 
01121 
28480 


C4~1/8-T0-8251 =F 
C4-1/8-T06192-F 
CRS125 

CH2705 

0698-6360 


nro-a Wurovw 


Nr 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference HP Part 
Designation Number 


A2R21 0683-1015 
A2R22 2100-3296 
A2R23 0698-6619 
A2R24 0598-6320 
A2R25 0683-1015 


Description Mfr Part Number 


RESISTOR 100 5% .25W FC TC=-400/4500 01121 
RESISTOR-TRMR 1K 10% C TOP-ADJ 17-TRN 28480 
RESISTOR 15K .1% .125W F TC=0+-25 28480 0698-6619 

RESISTOR SK .1% ,125W F TC=0+-25 03888 PMESS-1/8-T9-5001-B 
RESISTOR 100 5% .25W FC TC=-400/+500 01121 CB1015 


CBi015 
2100-3296 


NOODN 


ALR26 0698-8191 
A2R27 0678-8060 
ALR2B 0698-3512 
ABR2I 0683-1015 
A2R30 0683-1035 


RESISTOR 12,5K .1% .125W F TC=0+-25 19701 
RESISTOR 8.64K .1% .125W F TC=0+-25 19701 MF 4C1/8-T9-8641~-B 
RESISTOR 1.18K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-1181-F 
RESISTOR 100 5% .25w FC TC=- 40074500 01121 CR1I01S 

RESISTOR 10K S% ,25W FC TC=-400/+700 01121 CB1035 


MF 4C1/8-T9- 1252-B 


exuepyu 


AaRS2 0683-4725 
ARIZ 0698-6360 
A2QR34 0683-1045 
ARIS 0683-2035 
A2R36 0686-5115 


nD 


RESISTOR 4.7K SX .25W FC TC=-400/+700 01121 
RESISTOR 10K .1% .125W F TC=0+-25 29460 
RESISTOR 100K 5% .25W FC TC=-400/+800 01121 
RESISTOR .25W FC TC=-400/7+800 01121 
RESISTOR “SW CC TC=0+529 O11a1 


CB4725 
0698-6360 
Ch1045 
CB2035 
EBS115 


Awe 


AARA1 0683-1005 
0683-1625 
0683-3025 


RESISTOR .25W FC TC=400/4+500 01121 
RESISTOR 1.6K 5% .25W FC TC=~400/+700 01121 
RESISTOR 3K 5% .25W FC TC=-400/+700 01121 


CB1005 
CB1625 
CEZ025 


SWITCH-SL SPDT MINTR .SA 125VAC/DC PC 28480 
SWITCH-SL DPDT STD 2A 250VAC SLDR-LUG 234860 


3101-1162 
3101-2042 


3101-1162 
3101-2042 


DIODE-FW ERDG 200V 2A 04713 
IC OP AMP GP DUAL TO-99 PKG 27014 
Ic OP AMP GP DUAL TO-99 PKG 27014 
IG OP AMP GP DUAL TO-99 PKG 27014 


1706-0096 
1826-0678 
1826-0678 
1826-0678 


ee an Wow 


0837-0120 VARISTOR-130VAC 28480 0837-0120 
1251-0600 
1400-0507 
2200-0143 
ORDER BY DESCRIPTION 
ORDER BY DESCRIPTION 


1251-0600 
1400-0507 
2200-0143 
2260-0009 
2360-0113 


CONNECTOR-SGL CONT PIN 1.14-MM-BSC-SZ SQ 28480 
CABLE TIE ,062-2-DIA .095-WD NYL 28480 
SCREW-MACH 4-40 ,375-IN-LG PAN~-HD- POZI 26480 
NUT “HEX -W/LKWR 4-40-THD ,094-IN~THK 00000 
SCREW-MACH 6-32 ,25~-IN-LG PAN-HD-POZTI 00000 


A3 


ASCI 
ASC2 
A3C3 
A3C4 
ASC 


A3C7 
ASCE 
A3CP 
A3C11 
ASC12 


A3C13 
A3C14 
ASC16 
A3C17 
A3C18 


AZC19 
A3C20 
43021 
A3C22 
A3C23 


ASC2 

ASC26 
A3C27 
A3C28 
A3C29 


A3C31 
A3C32 
A3C33 
A3C34 
ASCI6 


ASCS7 
A3C38 
A3C39 
ASC41 

A3C42 


A3C43 
A3C44 
A3C46 
A3C47 
ASC4B 


3050-0440 
7120-6712 
7121-1234 


0160-3558 
0160-3847 
0160-0362 
0160-06362 
0160-3847 


0160-2204 
0100-0228 
0160-3558 
0160-0174 
0140-0191 


0140-0199 
0160-2264 
0160-3847 
0160-3847 
0140-0204 


0160-3847 
0160-2252 
0180-0197 
0180-0197 
0180-1746 


0160-3558 
0160-3847 
0160-3847 
0160-3847 
0160-3847 


0180-0229 
0180-1746 
0180-1746 
0160-3847 
0160-3847 


0160-3847 
0160-3847 
0160-3847 
0160-3847 
0160-3520 


0160~2254 
0160-2255 
0160-3847 
0160-3085 
0160-2199 


wNNV YS 


avwnn SByvvweo 


Aoonaw 


wvwvvw 


uvwovw YVuotan 


NVOno 


WASHER SHLDR NO. 4 .115-IN-ID .2-IN-OD 


LABEL-WARNING 


»«S-IN-WD 1-IN-LG MYLAR 


LABEL-CAUTION 1.925-IN-WD 2.24-IN-LG 


SIGNAL SOURCE 


CAPACI TOR-FXD 
CAPACITOR-FXD 
CAPACI TOR~FXD 
CAPACITOR-FXD 
CAPACITOR -FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACI TOR-FXD 
CAPACITOR~FXD 
CAPACITOR-FXD 


CAPACITOR--FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACTTOR-FXD 
CAPACITOR -FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACTTOR~-FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR -FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 


CAPACITOR~FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACI TOR~FXD 
CAPACTTOR-FXD 


ASSY 


»1UF +~20% SOVDC CER 

-O1UF +100-0% SOVDC CER 
S1OPF +-5% 300VDC MICA 
S1OPF +-5% 300VDC MICA 
-O1UF +#100-0% SOVDC CER 


100PF +-S% 300VDC MICA 
22UF+-10% iSVDC TA 

»1UF +-20% SOVDC CER 
-A7UF +80-20% 25VDC CER 
S6PF +-5% 300VDC MICA 


240PF +-5S% 300YDC MICA 
20PF +-S% SOOVDC CER 04-30 
»O1UF +100-0% SOVDC CER 
-O1UF +100-0% SOVDC CER 
47PF +#-S% SOOVDC MICA 


-O1UF +100-0% SOVDC CER 
6&,2PF +-,25PF SOOVDC CER 
2,.2UF+-10% 20VDC TA 
2,2UF+-10% 20VDC TA 
1SUF+-10% 20VDC TA 


+1UF +-20% SOVDC CER 
»O1UF +100-0% SOVDC 
-O1UF +100-0% SOVDC 
,O1UF +#100-0% SOVDC 
.O1UF +100-0% SovDC 


S3UF+-10% 10VDC TA 
15UF+-10% 20VDC TA 
15SUF+-10% 20VDC TA 
.O1UF +100-0% SOVDC CER 
-O1UF +100-0% SOVDC CER 


-O1UF +100-0% SOVDC CER 
-O1UF +100-0% SOVDC CER 
»O1UF #100-0% SOVDC CER 
.O1UF +100-0% SOVDC CER 
75SPF +-1% 100VDC MICA 


7.SPF +-,25PF SO0VDC CER 
8.2PF +-,25PF SOOVDC CER 
-O1UF +100-0% SOVDC CER 
S10PF +-1% 300VDC MICA 
SOPF +-S% 300VDC MICA 


28480 
28400 
28480 


28480 


28480 
20480 
28480 
28480 
28480 


28480 
56289 
28480 
28480 
72136 


72136 
28480 
28480 
28480 
72136 


28480 
28480 
56289 
56289 
56289 


28480 
28490 
23480 
28480 
28480 


56289 
56289 
56289 
28480 
28480 


28480 
28480 
28480 
28480 
28480 


28480 
28480 
28480 
28480 
28480 


3050-0440 
7120-6712 
7121-1234 


03325-66503 


0160-3558 
0160-3847 
0160-0362 
0160-0362 
0160-3847 


0160-2204 

15 0D226X901Sh2 
0160-3558 
0160-0174 
DM1ISES60J0300WVICR 


DM15F 2413030 0WV1CR 
0160-2264 
0160-3847 
0160-3847 
DM15E470J0500WV1CR 


0160-3847 
0160-2252 
150D225x9020A2 
150D225xX9020A2 
150D156x9020B2 


0160 -3558 
0160-3847 
0160-3847 
9160-3847 
0160-3847 


150D336xX9010B2 
150D156xX9020R2 
150D156xX902082 
0160-3847 
0160-3847 


0160-3847 
0160-3847 
0160-3847 
0160-3847 
0160-3520 


0160-2254 
0160-2255 
0160-3847 
0160-3085 
0160-2199 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts 


Reference 
Designation 


ASC49 
ABCS1 

ASCH2 
ABSCESS 
ABCSG 


ASCO 
ASCIO1 


A30102 
A3C103 
ASC1O4 
A3C106 
A3C107 


A3C108 
A3C109 
ASC1I11 

A3C112 
ASCIIVS 


A3C114 
ABCI1G 
A3C117 
ASC1I1B 
ASCLAP 


A3C120 
A3C121 
A3C122 
A3C123 
A3C0124 


ABC126 
A3C127 
A3C128 
ASC129 
A3C151 


A3C0192 
A3C153 
A3C154 


0160-3847 
0160-3847 
0160-3847 
0160-3347 
0160-3847 


0160-2265 
0160-2265 
0160-3847 
0160-3847 
0160-3558 


0160-3847 
6160-3847 
0180-1746 
0160-2252 
0160-2266 


0180-1746 
0160-2293 
0160-2263 
0160-2372 
0160-2260 


0160-2372 
0180-1746 
0160-3847 
0160-3847 
0160-3847 


0160-2244 
0140-0190 
0160-2251 
0140-0190 
0160-2244 


0140-0190 
0160-2251 

0140-0190 
0160-2244 
0160-3847 


0160-3847 
0160-3847 
0160-3847 


SwaF-nemh spOucwo Wwoevuwel wewvs 


wevvuuw 
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Table 6-3. Replaceable Parts 


Description 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACI TOR-FXD 
CAPACITOR-FXD 
CAPACITOR -FXD 


CAPACI TOR-FXD 
CAPACTTOR~FXD 
CAPACITOR-FXD 
CAPACI TOR~FXD 
CAPACTTOR-FXD 


CAPACITOR -FXD 
CAPACITOR-FXD 
CAPACITOR -FXD 
CAPACITOR-FXD 
CAPACITOR -FXD 


CAPACI TOR-FXD 
CAPACITOR -FXD 
CAPACITOR~FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 


CAPACITOR~FXD 
CAPACITOR-FXD 
CAPACITOR~FXD 
CAPACITOR~FXD 
CAPACITOR -FXD 


CAPACITOR-F XD 
CAPACI TOR~FXD 
CAPACITOR-FXD 
CAPACI TOR~FXD 
CAPACI TOR-FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACTTOR~FXD 
CAPACI TOR~FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR~FXD 


-O1UF +100-0% SOVDC CER 
-OLUF +100-0% SOVDC CER 
-O1UF +100-0% SOVDC CER 
-O1UF +#100-0% SOVDC CER 
-O1UF 4100 -0% SOVDC CER 


2apr +-5% SOOVDC CER 04-30 
22PF +#-5% SOOVDC CER 04-30 
-O1UF 4100-0% SOVDC CER 
-O1UF #160-0% SOVDC CER 
-1UF +-20% SOVDC CER 


-O1UF #100-0% SOVDC CER 
-O1UF +100-0% SOVDC CER 
1SUF+-10% 20VDC TA 

&,2PF +~,25PF S00VDC CER 
24PF +°S% SOOVDC CER O+-30 


1SUF+-10% 20VDC TA 

S1.SPF +-1% SOOVDC MICA 
18PF +-5% SOOVDC CER O0+-30 
A7PF +-2% S00VDC MICA 

13PF +-5% SOOVDC CER 04-30 


A7PF +-2% 300VDC MICA 
1SUF+-10% 20VDC TA 
-O1UF 4100°-0% SOVDC CER 
»O1UF +#100-0% SOVDC CER 
»O1UF 4#100-0% SOVDC CER 


SPF +-.25PF SOOVDC CER 
SOPF +-5% 3O00VDC MICA 
S.OPF +-,25PF S00VDC CER 
S9PF +-5% SOOYDC MICA 
SPF +-,25PF SO0VDC CER 


S9PF +-5X 3OOVDC MICA 
S.6PF +-,25PF SOO0VDC CER 
SPPF +-5% S00VDC MICA 
SPF +-,25PF SO0VDC CER 
»O1UF #100-0% SOVDC CER 


»OVUF +100-0% SOVDC CER 
-O1UF +100-0% SOVDC CER 
»O1UF +100-0% SOVDC CER 


28480 
26480 
28480 
265480 
28480 


28480 
28480 
28490 
28480 
28480 


28480 
20480 
6289 
28480 
28480 


56289 
28480 
260480 
28480 
28480 


28480 
56289 
28480 
28480 
28480 


284680 
72136 
28480 
72136 
28480 


72136 
29480 
72136 
28480 
28480 


28490 
28480 
29460 


Replaceable Parts 


Mfr Part Number 


0160-3847 
0160°3847 
0160-3847 
0160-3847 
0160-3847 


0160-2265 
0160-2265 
0160-3847 
0160-3847 
016063558 


0160-3847 
0160-3847 
150D156X97020R82 
0160-2252 
0160-2266 


150D156x9020n2 
0160-2293 
0160-2263 
0140-2372 
0160-2260 


0160-2372 
150D156x9020h2 
0160-3847 
0160-3847 
0160-3847 


0160-2244 
DMISESPOTOSOOWVICR 
0160-2251 
DMISESPOTOSOOWVICR 
0160-2244 


DMISES9OTOSOOWVICR 
0160-2251 
DM15E390T030 0WV1ICR 
0160-2244 
0160-3847 


0160~3847 
0160-3847 
0160-3847 


A3C1IS6 
ASCIS7 


0160-3847 
0180-1746 


CAPACITOR -FXD .O1UF #100-0% SOVDC CER 
CAPACITOR-FXD 15UF+-10% 20VDC TA 


28480 
56209 


0160-3847 
150D156x7020k2 


arypyowus 


A3C1IS6 0160-3847 


~~ 


CAPACITOR~FXD .O1UF +#100~-0% SOVDC CER 28480 0160-3847 


ABCR1 
ASCR2A 
ASCR3 
AZCR4A 
ASCRE 


1901-0040 
1901-0040 
1901-0518 
1901-0518 
1902-3149 


DIODE-SWITCHING 30V SOMA 2NS DO-35 
DIODE “SWITCHING 30V SOMA 2NS DO-35 
DIODE-SM SIG SCHOTTKY 

DIODE-SM SIG SCHOTTKY 

DIODE-ZNR 9,09V 5% DO-35 PD=,4W 


28480 
28480 
28480 
28480 
28480 


1901-0040 
1901-0040 
1901-0518 
1901-0518 
1902-3149 


ASCR7 
ABCRB 
ASCR1IO 
ASCRI1 
ASCR1I2 


1902-3030 
0122-0089 
1902-0025 
1901-0518 
1701-0518 


DIQDE-ZNR 3.01V S% DO~-7 PD=,4W TC=~.067% 
DIODE-VVC 29PF 10% C3/C25-MIN=S BYR=30V 
DIODE--ZNR 10 5% DO-35 PD=.4W TC=+,06% 
DIODE-SM SIG SCHOTTKY 

DIODE--SM SIG SCHOTTKY 


28480 
04713 
28480 
28460 
28460 


1902-3030 
MV109 

1902-0025 
1901-0518 
1901-05186 


ormacihy Waortre 


ASCR1I014 
ABCR102 
ASCRIOS 


1906-0207 
1901-0535 
1901-0535 


DIODE~MATCHED 
DIODE-SM SIG SCHOTTKY 
DIODE-SM SIG SCHOTTKY 


28480 
28480 
28480 


1906-0207 
1901-0535 
1901-0535 


wun 


ASIA 1251-6567 
A3I2 1258-0141 
A3I3 1251-2969 
ASSIS 1251-2969 
AZIO6 1251-2969 


CONNECTOR 21-PIN M POST TYPE 
JUMPER-REM 

CONNECTOR-PHONO SINGLE PHONO JACK; DIP 
CONNECTOR-PHONO SINGLE PHONO JACK; DIP 
CONNECTOR-PHONO SINGLE PHONO JACK; DIP 


28480 
28480 
28480 
28480 
28480 


1251-6567 
258-0141 
1251-2969 
1251-2969 
1251-2969 
A3S7 
A3IB 
ASIP 
ASI10 
ASTI 


1251-2969 
1251-2969 
1251-2969 
1251-2969 
1251-2969 


CONNECTOR-PHONO SINGLE PHONO JACK; DIP 
CONNECTOR~PHONO SINGLE PHONO JACK; DIP 
CONNECTOR-PHONO SINGLE PHONO JACK; DIP 
CONNECTOR-PHONO SINGLE PHONO JACK; DIP 
CONNECTOR-PHONO SINGLE PHONO JACK; DIP 


28480 
28480 
28460 
28480 
28480 


1251-2969 
1251-2969 
1251-2969 
1251-2969 
1251-2969 


A3T15 251-2969 
A3L1 9100-3551 

ASL2 9100-1791 
A3L3 7140-0210 
ASL4 9140-0210 
A3LS 9170-0894 
ASL.6 9140-0210 


28480 
28480 

28480 
28480 
28480 
28480 
20480 


1251-2969 
9100-3551 

9100-1791 
9140-0210 
9140-0210 
9170-0894 
9140-0210 


CONNECTOR-PHONO SINGLE PHONO JACK; DIP 
Coil-Mid 1uH 5% Q=50 

INDUCTOR 290NH 20% ,23DX.375LG6 

INDUCTOR RF-CH-MLD 100UH 5% .166DX,.385LG 
INDUCTOR RF-CH~MLD 100UH 5% .166DX,385LG6 
CORE~SHIELDING BEAD 

INDUCTOR RF-CH=MLD 100UH 5% .166DX, 385LG 


“Hone ong Donon a2aowameo 


ASL? 
ASI.8 
ASLI 
ASL20 
ASLO001 


9140-0210 
9100-3560 
9140-0253 
9100-1629 
9100-3551 


INDUCTOR RF-CH-MLD 100UH 5% ,166DX,.385LG 
INDUCTOR RF-CH-MLD 5.6UH 5% .166DX,385LG6 
INDUCTOR RF-CH-MLD 300NH 1% .166DX,385LG6 
INDUCTOR RF-CH-MLD 47UH S% .166DX.385L6 
INDUCTOR RF-CH-MLD 1UH 5% .166DX.385LG 


28480 
28490 
28480 
28480 
28480 


9140-0210 
9100-3560 
9140-0253 
9100-1629 
9100-3551 


aPrPne- 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts & 


Reference 
Designation 


Description Mfr Part Number 


ASL101 9100-1791 INDUCTOR 290NH 20% ,23DX,375LG 23480 9100-1791 
AS11102 9100-1791 INDUCTOR 290NH 20% ,23DX,.375LG6 26480 9100-1791 
ASL103 2140-0265 i 2 INDUCTOR RF-CH-MLD 1.6UH 5% .166DX.385LG6 23480 9140-0265 
ASL104 9100-3552 INDUCTOR RF-~CH-MLD 1.SUH 5% .166DX.385L6 20480 9100-3552 
ASLI0S 9140-0349 INDUCTOR RF~CH-MLD 1,.1UH 5% .166DX.385L6 28480 9140-0349 


ABL106 9140-0265 
A3L107 9100-0539 
ASL.108 9140-0142 
ASL 7100-3315 
ABLW12 9100-3315 


INDUCTOR RF-CH-MLD 1,6UH 5% .166DX.385L6 28490 9140-0265 
INDUCTOR (MISC ITEM) 28480 9100-0539 
INDUCTOR RF-CH-MLD 2.2UH »105DX. 26LG 28400 9140-0142 
INDUCTOR RF-CH MLD 820NH & »166DX.385L6 20480 9100-3315 
INDUCTOR RF-CH-MLD 820NH 5% .166DX,385L6 28480 9100-3315 


wwOonet 


ASL113 9100-3546 
ASL114 9100-3546 
A3L116 9100-3546 
ASLUL7 9100-3546 
A3L151 9100-1791 


INDUCTOR RF-CH-MLD 1.3UH & »155DX,375L.6 28480 9100-3546 
INDUCTOR RF~CH MLD 1.3UH & .155DX.375L6 28480 F100-3546 
INDUCTOR RF-CH-MLD 1.3UH »155DX,375L6 28480 9100-3546 
INDUCTOR RF-CH-MLD 1,3UH »155DX.375L6 28480 9100-3545 
INDUCTOR 290NH 20% .23DX, 28480 PIO0-1791 


=Oooon 


A3L152 9100-0539 
ASLISS 9140-0210 


INDUCTOR (MISC ITEM) 28460 9100-0539 
INDUCTOR RF -CH-MLD 100UH 5% .166DX. 385LG 28480 9140-0210 


— ol 


ASMP 1 03325-20601 
ASMP3 03325-20602 
ASMPS 03325-04101 
ASMPS 03325-04103 


SHIELD, TOP 28480 
SHIELD, BOTTOM 28480 
COVER, 1 28490 
COVER, 3 23480 03325-04103 


crew 


ASP 2 1251-4822 


oe 


CONNECTOR 3-PIN M POST TYPE 28480 1251-4822 


ASQ1 1853-0448 
ASR2 1955-0081 
A3Q3 1853-0089 
ABA4S 1854-0092 
ASRE 1854-0215 


TRANSISTOR PNP SI TO-92 PD=625MW 04713 MP SHB 1 
TRANSISTOR J-FET N-CHAN D-MODE SI 28490 1855-0081 
TRANSISTOR PNP 2N4917 SI PD=200MW 07263 2N49 17 
TRANSISTOR NPN ST PD=200MW FT=600MHZ 26480 1854-0092 
TRANSISTOR NPN SI PD=350MW FT=30 0MEHZ 04713 2N3904 


eMusco 


ABQIO1L 1853-0089 
A3Q102 1853-0089 


TRANSISTOR PNP 2N4917 ST PD=200MUW 07263 2N4917 
TRANSISTOR PNP 2N4917 SI PD=200MW 07263 @N4917 


can 


ASR 1 0683-4705 
ASR2 0698-3432 
ABRI 0757-0398 
ASR 0683-2225 
ABR? 0498-3439 


RESISTOR 47 5% .25W FC TC=-400/+500 O1121 Ch4705 

RESISTOR 26.1 1% .125W F TC=0+-100 03888 PMESS--1/8-T0-26R1-F 
RESISTOR 75 1% .125W F TC=04-100 2AS46 C4- 1/8-T0-75R0-F 
RESISTOR 2.2K 5% .25W FC TC=-400/+700 91121 CRe225 

RESISTOR 178 1% ,125W F TC=0+-100 24546 C4 1/8-T0-170R-F 


PurPuse 


RESISTOR 68,1 1% .125W F TC=0+-100 24546 C4--1/8--T0-468R 1 °F 
RESISTOR 470 5% .25W FC TC=-400/+600 01121 Ch4715 

RESISTOR 100 1% .125W F TC=0+-100 24546 C4-1/8~T0-101-F 
RESISTOR 68.1 1% ,125W F TC=0+-100 2AS46 C4-1/8-T0-66R1-F 
RESISTOR 120K 5% .25W FC TC=-800/+900 01121 CB1245 


ASRB 0757-0397 
ABRI 06483-4715 
ASR10 0757-0401 
ABRIL 0757-0397 
ASR12 0683-1245 


abdoow 


ABR13 0683-4725 
A3R14 0683-1025 
ABR16 0683-1025 
ABR17 0683-2225 
ASR1B 0757-0442 


RESISTOR 4.7K S% ,25W FC TC=-400/+700 01121 CLh4725 
RESISTOR 1K S% .25W FC TC=-400/+600 01121 CB1025 
RESISTOR 1K 5% ,25W FC TC=-400/+600 01121 chi025 
RESISTOR 2.2K 5% .25W FC TC=~400/+700 01121 CRe225 
RESISTOR 10K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-10028-F 


RESISTOR 100K 5% .25W FC TC=-400/+800 O1121 CB1045 
RESISTOR 1K 5% .25W FC TC=-400/+600 g1121 CEi025 
RESISTOR 3.16K 1% .125W F TC=0+-100 24546 C4 1/8-T0-3161-F 
RESISTOR 5.11K 1% .125W F TC=0+-100 24546 C4-1/8-T0-5111-F 
RESISTOR 2.2K 5% .25W FC TC=-400/7+700 01121 CE2225 


ABR19 0683-1045 
ABR21 0683-1025 
A3R22 0757-0279 
ABR23 0'757~-0438 
ASR24 0683-2225 


wWHhotw YOwrvwof 


RESISTOR 2K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2001-F 
RESISTOR 10K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1002-F 
RESISTOR 29,4K 1% .125W F TC=04+-100 24546 C4-1/8-T0-2942-F 
RESISTOR 4,22K 1% .125W F TC=0+-100 24546 C4~1/8-T0-4221-F 
RESISTOR-TRMR 20K 10% C TOP-ADS 17-TRN 26480 2100-3789 


ASR26 0757-0283 
ASR27 0757-0442 
ASR28 0498-4490 
ABR29D 0698-3154 
ABR30 2100-3789 


RESISTOR 1K 5% .25W FC TC=-400/+600 01121 CE1I025 
RESISTOR-TRMR 20K 10% C TOP-ADJ 17~-TRN 28480 2100-3789 
RESISTOR 1.686K .1% .125W F TC=0+-25 28480 0699-0191 
RESISTOR 259.6 .1% .125W F TC=0+-25 28480 0699-0189 
RESISTOR 75K 5% .25W FC TC=-400/+800 01121 CB7535 


ASR32 0683-1025 
ASR33 2100-3789 
ASR34 0699-0191 
ABRI36 0699-0189 
A3R37 0683-7535 


ONedbSwy SoVwot 


RESISTOR 2.15K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2151-F 
RESISTOR 1,21K 1% .125W 7 TC=0+-100 24546 C4-1/8-TO-1211-F 
RESISTOR 1K SX .25W FC TC=-400/+600 01121 Cb1025 

RESISTOR 200 1% .,125W F TC=0+-100 24546 C4--1/8-T0-201-F 
RESISTOR 4.64K 1% .125W F TC=0+~-100 24546 C4 1/8-T0~4641~F 


ABR 3B 0698-0084 
ABR3P 0757-0274 
ASR41 0683-1025 
ASR42 0757-0407 
ABR4B 0698-3155 


=ovas 


RESISTOR 4,64K 1% .125W F TC=0+-100 24546 C4-1/8-T0-4641 -F 
RESISTOR 14,.7K 1% .125W F TC=0+~100 24546 C4- 1/8--T0- 1472-F 
RESISTOR 14,7K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-1472-F 
RESISTOR 47 5% .25W FC TC=-400/+500 Ollal CB4705 
RESISTOR 470 S% .25W FC TC=-400/+600 01121 CB4715 


ABR44 0698-3155 
ABRAS 0698-3156 
ABRAG 0698-3156 
ABR 47 0683-4705 
ABR 48 0683-4715 


coOnhw= 


RESISTOR 10K S% ,25W FC TC=-400/+700 01121 CB1035 

RESISTOR 30.1K 1% .125W F TC=0+-100 24546 C4-1/8--T0-3012- 
RESISTOR 4,.99K 1% .125W F TC=0+-100 24546 C4-1/8-T0-4991-F 
RESISTOR 1K 5% .25W FC TC=-400/+600 01121 C1025 

RESISTOR 4.99K 1% .125W F TC=0+-100 24546 C4--1/8-T0~-4991-F 


ASR4AP 0683-1035 
ASRS4 0757--0453 
ASRS 0698-3279 
ASRSG6 0683-1025 
ASRS7 0698-3279 


Sworn 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


HP Part 
Number 


0699-0192 
ABRSI 0683-1025 
ASROO 2100-3296 
ABROL 0483-4705 
ABRO2 0757-0442 


Reference 
Designation 


Description Mfr Part Number 


RESISTOR 3.894K .1% .125W F TC=#04-25 26480 
RESISTOR 1K 5% ,25W FC TO=- 400/+600 O1121 
RESISTOR- TRMR 10K 10% C TOP -ADJ 17-TRN 32997 
RESISTOR 47 5% .25W FC 1C=-400/4560 o1121 
RESISTOR 10K 1% .125W F TC=04~-100 


AIRSA 0499-0192 
CRI025 
3292W-1--103 
CB4705 
C4-1/8-T0-1002-F 
ABRO3 0598-3156 
ABROA 9698-4437 
ABRE6 0757-0436 
ABRO7 0678-4478 
ABREB 2100-3207 


RESISTOR 14,7K 1250 F TC=0+-100 Bat C4 1/8-T0- 1472-F 
RESISTOR 2,94K 61250 F TC=04-100 245 C4-1/8-T0-2941 +f 
RESISTOR 4, 32K .125W F TC=0+-100 nas C4 1/8-T0-4221-F 
STOR 10.7K .125W 5 TCs0+-100 C4-1/8-T0- 1072 -F 
RESISTOR-TRMR SK 10% C SIDE-ADSJ 1° TRV € 2100 -3207 


ASR6P 0698-3136 
ASR70 0498-3497 
A3BR72 0683-4705 
ABR73 0698-3442 
ASR7ZG 0683-4705 


RESISTGR 17,.8K 1% ,125W F TC=04-100 24546 C4 -1/8-T0-1782-F 
RESISTOR 6.04K 1% ,125W F TO=04- 100 R24 4b C4 -1/8-TO- 604R-F 
RESISTOR 47 5% .e@5W FC TC=-400/+500 01121 Ch4705 
RESISTOR 237 1% .125W F TC=0+~-100 P4546 C4-1/8°TO0- 237k F 
RESISTOR 47 S% .25W FC TE 4007+500 §i121 CB4705 


cvara 


A3R?7 0698-4402 
ASR7B 96738-4402 
ABR79 0498-3279 
ASRBO 0696-3581 
ASRSB1 0698-3581 


RESISTOR 97.6 1% @ -O. 24546 
RESISTOR 97,6 1% .12 a 24A5AG 
ISTOR 4.99K 1% > 
ISTOR 13,.7K 1% 
RESISTOR 13.7K 1% ,125W F TC=0+~-100 


C4-1/8°-TO- P7RSO-F 
C4-1/8-T0°-97R&-F 
24546 C4 1/8-T0-4991-F 
2ASA6 C4°-1/8-T0°1372 -F 
P4546 C4A~1/8-T0-1372-- 


ABRG2A 
ASRBS 
A3RB4 
ASRBS 
ABRBS 


0757-0273 
0757~0273 
0757-0273 
0498-4402 
9698-3157 


RESISTOR 3.01K 1% 25W F TC=04-100 
RESISTOR 3.01K 1% .125W F T t-100 
RESISTOR 3,01K 1% .125W F T +-100 
RESISTOR 97.6 1% .125W F TC=0+-100 

RESISTOR 19.6K 1% .125W F TC#0+-100 


24546 C4-1/8-TO0-3011 -F 
24546 C4 1/8-T0-3011-F 
24A5AG C4--1/8-T0-3011 -F 
RASAG C4°1/8-T0-97R6- F 
24546 C4-1/8-T0-1962 -F 


WHea do Nu couww 


A3R87 0683-1025 
ASR BB 0683-2225 
ABRIO 0698-4402 
ASRI1 0698-4467 


ABRI2 0683-1025 


RESISTOR 1K S% .25W FC TCs 40074600 01121 
RESISTOR 2.2K S% ,e@SW FC TC=-4007+700 01121 
RESISTOR 97.6 1% ,125W F TC=0+-100 24546 
RESISTOR 1,05K 1% ,125W F TC=0+-100 24546 
RESISTOR 1K S% .25W FC TO=-400/7+600 01121 


ce1i025 


CRAL25 


C4-1/8-T0-97RG -F 
C4-1/8-T0-10E1-F 
CE10285 


weWdwrv 


ASRIS 

ASR101 
ABR102 
ASR103 
A3R104 


9683-4705 
0683-4715 
0757-0291 
0683-3325 
0757-0399 


RESISTOR 47 5% .25W FC TC=-4007+500 01121 
RESISTOR 470 5% ,25W FC TC=~400/+400 o112 CH4a7 15, 
RESISTOR 24.9 1% .125W F TC=0+-100 19701 MF 4C1/8-T0~2492-F 
RESISTOR 3.3K 5% .25W FC TC=-400/+700 o1121 CH3325 
RESISTOR 82.5 1% .125W F TC=0+-100 C4-1/8-T0-82R5-F 


CR4705 


areron 


ASR 106 
ASR107 
ASR1I0B 
ASR109 
ABRIL 


0698-4435 
0698-3156 
0698-4037 
0757-0279 
0757-0279 


RESISTOR 2,49 1% .125W F TC=0+-100 
RESISTOR 14,7K 1% ,125W F TC=0+-100 
RESISTOR 46.4 1% .125W F TC=04+-100 

RESISTOR 3,16K 1% .125W F TC=04+-100 
RESISTOR 3.16K 1% .125W F TC=0+-100 


C4~-1/8-T0-2491-F 
C4-1/8-T0-1472-F 
C4-1/8-T0-46R4-F 
C4-1/8-T0-3161--F 
C4°-1/8-T0-3161-F 


scoconn 


A3R112 
ABRI1S 
AGR114 
ABR115 
ABR116 


0757-0407 
0698-3444 
0698-3444 
2100-0568 
0757-0381 


ESISTOR 200 1% .125W F TC=0+-100 
RESISTOR 316 1% ,125W F TC#0+-100 
RESISTOR 316 1% .125W F TC=0+-100 24S AG 
RESISTOR-TRMR 100 10% C TOP-ADJ 1 29480 
RESISTOR 15 1% .125W F TC=0+-100 19701 


24546 


C4~1/8-T0~-201-F 
24546 j 


C4: 1/8-T0~31GR-F 
C41 /8-TO-S16RF 
2100-0568 
MF401/8-T0-15R0~F 


ae ee 


ABR 117 
ASR118 
ASRILP 
ASR120 
ABR121 


ABR122 
ABR1I23 
ABR1IS1 


0698-3444 
9498-3444 
0757-0275 
0698-3440 
0757-0397 


0757-0397 
0757-0275 
0757-0397 


RESISTOR 316 1% 
RESISTOR 316 1% 
RESISTOR 113 1% 
RESISTOR 196 1% 
RESISTOR 68.1 1% 


RESISTOR 68.1 1% 
RESISTOR 113 1% 
RESISTOR 68.1 1% 


(125W F TC=0+-100 
.125W F TO=0+-100 
125W F TC=0+-100 
.125W F TC=0+-100 
125W F TC=0+-100 


-125W F TC=0+-100 
-125W F TC=0+-100 
.125W F TC=0+-100 


24546 
24546 
24546 
24546 
24546 


24546 
24546 
24546 


C4 1/8-T0-315R-F 
C4 -1/8-T0-316R-F 
C4 1/8-T0-113R-F 
C4-1/8-T0-196R -F 
C4 1/8-T0-68R1-F 


C4°1/8~T0-68R 1 <F 
C4-1/8-T0-113R-F 
C4 -1/8-T0~68R1-F 


ASR1S3 
ASR154 


0683-1025 
0683-1025 


RESISTOR 1K S% ,25W FC TC=-400/7+600 01121 
RESISTOR 1K 5% .25W FC TC=-400/7+600 o1121 


Chi0es 
CB1025 


wMata ANC 


A3R156 
ABRIS7 
ASR 158 
ASR1IS9 
ABR160 


0683-1015 
0683-4705 
0698-3439 
0683-2225 
0757-0276 


RESISTOR 100 5% ,25W FC TC=-400/+500 o1121 
RESISTOR 47 5% .25W FC T 4007+500 01121 
RESISTOR 178 1% .125W F TC=0+-100 24546 
RESISTOR 2.2K 5% .25W FC TC=--400/+700 01121 
RESISTOR 61,9 1% ,125W F TC=0+-100 24546 


CH1015 
CB4705 
C4: 1/8-T0--178R--F 
CH2225 
C4°1/8-T0-6192-F 


A3R161 0757-0276 


NO Nabpon 


RESISTOR 61.9 1% ,125W F TC=0+-100 C4 -1/8-T0-G19 26°F 
A3T1 9100-4038 


TRANSFORMER BEAD CORE; WITH CT PRI & SEC 
ABT2 08552-6044 


TRANS 6 TURNS 


28480 9100-4038 
28480 08552-6044 


eu 


AZUL 1820-1991 
Asue 1820-0629 
A3BUS 1820-0321 
A3U4 1020-1199 
ASUS 1820-0693 


IC CNTR TTL LS DECD DUAL 4-BIT 01a95 
IC FF TTL & J~K NEG~EDGE-TRIG 01295 
IC COMPARATOR GP TO-99 PKG 01295 
INV TTL LS HEX 1-INP 01295 
FF TTL S D-TYPE POS-EDGE--TRIG 01295 


SN74LS390N 
SN748112N 
SN72710L 
SN74LS04N 
SN74S74N 


A3U6 1820-0683 
ASU7 1920-1924 
ASUB 1826-0043 
ABSUP 1820-1568 
A3U10 1820-1195 


INV TTL S HEX 1--INP 

INV TTL S HEX 

OP AMP GP TO-99 PKG 

BFR TTL LS BUS QUAD 

FF TTL LS D-TYPE POS~EDGE-TRIG COM 


01295 
18324 
3585 
01295 
01295 


SN74S04N 
N8TI3N 
CAZ07T 
$N741.S125AN 
SN74L8175N 


NOSSO Oewor 
eAaneu Cuno 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference HP Part 


Designation Number Description Mfr Part Number 
ABUL 1826-0437 
A3U12 1826-0476 
ASULS 1826-0547 
ABU14 1858-0063 
ASUIS 1858-0040 


IC MULTIPLIER 14 DIP-C PKG 04713 MC149SL 
IC SWITCH ANLG 8-DIP-P PKG 01295 TLOO1CP 
IC OP AMP LOW -BIAS-H-IMPD DUAL 3-DIP-P 01295 TLO7Z2ACP 
TRANSISTOR ARRAY 14-PIN PLSTC DIP SL505 C4A3102E 
TRANSISTOR ARRAY 16-PIN PLSTC DIP 3L535 CA3127E 


oaugnc 


ABU16 1858-0059 
A3U17 1820-0802 
ASU18 1820-1322 
ASULP 1629-0629 
ASU20 1820-0216 


TRANSISTOR ARRAY 8-PIN PLSTC DIP 28480 1856-0059 
IC GATE ECL NOR QUAD 2-INP 04713 MC10102P 
IC GATE TTL S NOR QUAD 2: INP 01295 SN74S02N 
IC FF TTL S J-K NEG EDGE-TRIG 01295 SN74S112N 
IC OP AMP GP 8-DIP-P PKG 28460 1820-0216 


“soho 


A3Y1 0410-1115 


_ 


CRYSTAL-QUARTZ 30.00000 MHZ 28480 0410-1115 


0360-1715 TERMINAL-STUD SGL-PIN PRESS: MTG 28450 0340-1715 
1251-0600 CONNECTOR-SGL CONT PIN 1.14-MM-BSC -SZ SQ 28480 1251-0600 
3050-0080 WASHER -FL NM NO. S .13-IN- ID .25~-IN-OD 28480 3050-0080 
7121-1234 LABEL CAUTION 1.925-IN-WD 2.24-IN-LG 28480 7121-1234 

8150-3375 RESISTOR-ZERO OHMS 22 AWG LEAD DIA 28480 8150-3375 


03325-66505 | 2 KEY BOARD ASSEMBLY 28480 03325-66505 


ASC1 
ASCce 
ASC3 
ASC4 0100-0062 
ASCS 0160-3847 


CAPACITOR-FXD .O1UF +100-0% SOVDC CER 28480 0160-3847 
CAPACITOR-FXD ,O01UF #100-0% SOVDC CER 28480 0160-3847 
CAPACITOR-FXD .O1UF +100-0% SOVDC CER 20480 0140-3847 
CAPACITOR-FXD 300UF175~-10% 6VDC AL 20480 9180-0062 
CAPACITOR-FXD .OJUF +100-0% SOVDC CER 28480 0140-3847 


wWovue 


CAPACITOR -FXD .01UF +100 -0% SOVDC CER 28480 0160-3847 
CAPACITOR-FXD ,O1UF +100-0% SOVDC CER 29480 0160-3847 
CAPACITOR-FXD ,O1UF +100-0% SOVDC CER 28480 0160-3847 
CAPACITOR-FXD ,OL1UF +-20% 1KYDC CER 56289 C023A1025103MS38 
CAPACITOR-FXD .O1UF 4-20% 1KYDC CER 56289 C023A102I103MS38 


ASC6 0160-3847 
ASC7 0160-3847 
ASc8 0160-3847 
ASC? 0150-0012 
A5C10 0150-0012 


wawres 


LED-LAMP LUM-INT=15MCD If =20MA-MAX 29460 5062-4658 
LED-LAMP LUM-INT=15MCD IF =20MA~MAX 28480 5082-4658 
LED-LAMP LUM~-INT=15MCD IF=20MA~MAX 28480 5082-4658 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=SV 28480 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BYR=SV 28480 1990-0665 


ASCRI 1990-0533 
ASCR2 1990-9533 
ASCRI 1990-0533 
ASCRS 1990-0665 

1990-0665 


19970-0665 
1990-0665 
1990-0665 
1990-0665 
ASCR1I1 1990-0665 


LED-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=5V 28480 19970-0665 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BYR=5V 28480 1990-0665 
LED -LAMP LUM-INT=1MCD IF=20MA-MAX BYR=SY 28430 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=5V 28480 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=SV 28480 1990-0665 


Wawa w Wuwrasd 


ASCRI2 1990-0665 
ASCR13 1990-0665 
ASCR1I4 1990-0665 
ASCR1IS 1990-0665 

SCR16 1990-0665 


LED-LAMP LUM-INT=1MCD IF=20MA-MAX EVR=5V 29460 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA~MAX BVR=5SV 28490 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=5V 28480 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA~MAX EBVR=5V 28480 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BYR=5V 28460 1990-0665 


Goi Gi oo 


LED-LAMP LUM-INT=15MCD IF=20MA~MAX 28480 5082-4658 
LED-LAMP LUM-INT=15MCD IF=20MA-MAX 29480 §082-4650 
LED -LAMP LUM-INT=15MCD IF=20MA-MAX 28480 5082-4658 
LED-LAMP LUM-INT=15MCD IF=20MA-MAX 286480 5082-4658 
LED- LAMP LUM-INT=15MCD IF=20MA~-MAX 28480 5082-4658 


ASCR17 1990-0533 
ASCR1I8 1990-0533 
ASCR1IP 19790-0533 
ASCR20 1990-0533 
ASCR21 1990-0533 


bp>odsS 


LED-LAMP LUM-INT=15MCD IF=20MA-MAX 28400 5082-4658 
LED-LAMP LUM-INT=15MCD IF=20MA -MAX 28480 5082-4658 
LED-LAMP LUM-INT=15MCD IF=20MA~MAX 28480 5082-4659 
LED-LAMP LUM-INT=15MCD IF=20MA~MAX 28480 5082-4658 
LED-LAMP LUM-INT=15MCD IF=20MA-MAX 28480 5082-4658 


ASCR22 1990-0533 
ASCR23 1990-0533 
ASCR24 1990-0533 
ASCR2S 1990-0533 
ASCR26 1990-0533 


LED-LAMP LUM-INT=15MCD IF=20MA~MAX 28480 5082-4658 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=SV 28480 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=5V 28480 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA~MAX BVR=5V 28460 1990-0665 
LED-LAMP LUM-~INTS1MCD IF=20MA~-MAX BVR=SV 28480 1970-0665 


ASCR27 1990-0533 
ASCR28 1990-0665 
ASCR2P 1990-0665 
ASCR30 1990-0665 
ASCR31 1990-0665 


WUwWAHp HBoebsasd 


LED-LAMP LUM-INT=1MCD IF=20MA-MAX BYR=SYV 28480 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BYR=5V 28480 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=5V 28480 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BYVR=SV 28480 1990-0665 
LED-LAMP LUM-INT=1MCD IF=20MA-MAX BYR=5V 28480 1990-0665 


ASCR32 1990-0665 
ASCR33 1990-0665 
ASCR34 1990-0665 
ASCR3IS 1990-0665 
ASCRI6 1990-0665 

1290-0473 SOCKET-IC 16-CONT DIP DIP -SLDR 28480 1200-0473 
KEY CAP LOKAL 28480 3041-0943 
KEYCAP~-SMOKEP IPE 28480 5041-0384 
KEYCAP~SMOKEPIPE 28490 5041-0384 
KEYCAP-SMOKEP IPE 28480 5041-0384 
KEY CAP-FREQ 28490 5041-0918 


ASKS1 5041-0943 
ASKS2 5041-0334 
ASKSS 5041-0384 
ASK S4 5941-0384 
ASKSS 5041-0918 


KEY CAP-AMPTD 28480 5041-0919 
KEYCAP~-SMOKEP IPE 28480 5041-0384 
KEYCAP-SMOKEP IPE 28480 5041-0384 
KEYCAP~-SMOKEP IPE 28480 5041-0384 
KEY CAP-PHASE 28480 5041-0920 


ASKS6 5041-0919 
ASKS7 5041-0384 
ASKSB 5041-0384 
ASKS?I 5041-0384 
ASKS10 5041-0920 


SOoerw Nooew oD AWaWdaw 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


e Reference HP Part 


: . Description Mfr Part Number 
Designation Number serie 
ASKS11 5041-0921 7 KEY CAP-DCOFFSET 28480 5041-0921 
ASKS12 S041~-0451 8 KEYCAP-BLUEPIPE 28480 5041-0451 
ASKS13 3041-0987 5 KEY CAP STORE 28480 5041-0987 
AEKS14 5041-0817 0 KEY CAP-7 28480 5041-0817 
ASKS15 5041-0818 1 KEY CAP-8 28480 5041-0818 
ASKG16 5041-0816 9 KEY CAP-6 28480 5941-0816 
ASKS17 5041-0925 1 KEY CAP-MHZ VOLT 28480 3041-0925 
ASKS18 3041-0810 * KEY CAP RECALL 28490 5041-0810 
ASKG19 5041-0814 oe KEY CAP-4 28480 S041-0814 
ASKS20 9041-0815 8 KEY CAP-5 28400 5041-09815 
ASKS22 5041-0926 2 KEY CAP-KHZ MV 28480 5041-0926 
ASKS23 5041-0946 & KEY CAP CLEAR 28480 5041-0946 
ASKS24 5041-0811 4 KEY CAP~-1 28480 5041-0811 
ASKS25 3041-0812 5 KEY CAP-2 28480 3041-0812 
ASKG26 5041-0813 6 KEY CAP~3 28480 5041-0813 
ASK S27 041-0927 3 KEY CAP~HZ VRMS 28480 5041-0927 
ASKS2B 5041-0758 8 KEY CAP-DASH 28480 5041-0758 
ASKS29 5041-0819 2 KEY CAP-90 28480 3041-0819 
ASKS30 5041-0808 9 CAP PERIOD 28480 5041-0808 
ASKS31 5041-0929 Ss CAP -SEC 28480 5041-0929 
ASKS32 3041-0928 4 CAP -DEG 26480 5041-0928 
SKS33 5041-0756 6 ARROW 28480 5041-0756 
ASKS34 5041-0756 6 ARROW 28480 5041-0756 
ASKS3S 5041-0922 8 CAP-LEFT ARO 28490 5041-0922 
ASKS36 5041-0922 8 CAP-LEFT ARO 28480 3041-0922 
A5K G37 8041-0318 & CAP PTY GRAY 28480 5041-0318 
ASKS38 5041-0318 6 CAP PTY GRAY 28480 5041-0318 
SKS39 8041-0318 & CAP PTY GRAY 28480 5041-0319 
ASKS40 3041-0318 6 CAP PTY GRAY 28480 5041-0318 
ASKS41 5041-0318 6 CAP PTY GRAY 28480 5041-0318 
ASKS42 5041-0418 7 KEYCAP -EBONYP IPE 28480 5041-0418 
ASKS43 5041-0285 6 KEYCAP -PEARLP IPE 28480 5041-0285 
ASKS44 35041-0944 4 KEY CAP PWR 28480 5041-0944 
ASL 9100-3334 2 INDUCTOR 25UH 10% .3D 28400 9100-3334 
ASMP 1 4040-1001 3 STRIP-PLASTIC ,28-IN-WD .01-IN-THK 28480 4040-1001 
a] ASMP2 4040-1307 2 REFLECTOR 28480 4040-1307 
ASMPS 08505-40006 |2 LED ANN GD 28480 OBS0S-40006 


ASQ1 1853-0016 
A5g2 1853-0016 
ASQS 1853-0016 
A504 1853-0016 
ASQ5 1853-0016 


TRANSISTOR P SI TO-92 * 29460 1853: 0016 
TRANS TSTOR SI TO-92 28480 1853-0016 
TRANSISTOR SI TO-92 PD=300MW 238480 1853-0016 
TRANSISTOR SI TO-92 PD=300MW 28480 1853-0016 
TRANSISTOR SI TO-92 PD=300MW 28460 1853-0016 


esoeroeo 


ASQ6 1853-0016 
ASQ7 1853-0016 
Asa 1853-0016 


TRANSISTOR P SI TO-92 PD=300MW 28480 1853-0016 
TRANSISTOR P ST TO-92 PD=300MUW 28490 1853-0016 
TRANSISTOR SI TO -92 PD=300MW 23480 


ASR 1 0683-2205 
ASR2 0683- 2205 
ASRS 0683-2205 
ASR4 0583-2205 
ASRS 0683-2205 


RESISTOR 12a 1 4007+500 01121 
.25W FC 1 400/+500 01121 
25 0112 
.25W F HS 01121 
eS 01121 


RESISTOR 
RESISTOR 


MWwywvwv ecg 


M Poh my fe 
Pe rah My To 


ASR 0683-2205 
ASR? 0683-2205 
ASRB 0683-2205 
ASR? 0683-1325 
ASR10 0683-1325 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


.25W “S 01121 
.25W FC TC : 61121 
.25W F 4007+500 01121 
3K 5% .25W TC=-400/+700 01121 
3K S% .25W FC TC=-4007+700 o112 CB1325 


mews 
—e pm pr 


> + MMT 


ASR11 0683-1325 
ASR1I2 0683-1325 
ASR1B 0683-1325 
ASR14 0683-1325 
ASRS 0683-1325 


RESISTOR 1.3 5% ,25W FC TC=-400/+700 Q14t21 CH1325 
RESISTOR 1.2K 5% .25W FC ~4007+709 CRI325 
RESISTOR 1.3K 5% .25W FC 7 -400/+700 CHAIOS 
RESISTOR 1.3K 5% .2@5W FC TCs -400/7+700 o1421 CB1325 
RESISTOR 1.3K 5% .25 ~40074700 01121 Ch1325 


ro rato pare 


ASR1G 0683-1325 
ASR20 1910-0135 
ASR21 1010-0164 
ASR22 1810-0164 
ASR23 1810-0055 


RESISTOR 1.3K 5% .25W TC=-4007+709 01124 OBI S25 
NETWORK-RES 6-STP10,0K OHM X S 28480 1910-0135 
NETWORK -RES 9 -SIP4,.7K OHM X 8 P1637 CSP 09007-4725 
NETWORK-RES 9 SIP4.7K OHM X 8 91637 COP 09CO7-472 
NETWORK -RES 9-SIP190.0K OHM X 8B 28480 1810 0055 


aaNwtor 


ASS1 5060-9436 
ASS2 5960-9436 
ASSS 3060-9436 
ASS4 5060-9436 
ASSS 5060-9436 


PUSHEUTTON SWITCH P.C, MOUNT 28480 SOGG- 9436 
PUSHBUTTON SWITCH » MOUNT 20480 8060-9436 
PUSHBUTTON SWITCH P.C, MOUNT 28480 5060-9436 
PUSHDUTTON SWITCH P.C,. MOUNT 29489 8050-9436 
PUSHGUTTON SWITCH P. MOUNT 26490 5046-9436 


NWNNN 


ASS6 5060-9436 
ASS? 2060-9436 
ASS8 5060-9436 
ASS9 5060-94346 
45910 5060-9436 


PUSHLUTTON SWITCH MOUNT 28480 5960-9436 
PUSHBUTTON SWITCH P.C. MOUNT 28400 5060-9436 
PUSHBUTTON SWITCH » MOUNT 28490 060-9436 
PUSHEUTTON SWITCH » MOUNT 28480 5040-9436 
PUSHSUTTON SYETCH PLC. MOUNT 28400 3060-9436 


NNANAY 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference 
Designation 


ASS11 5060-9436 
ASS12 3060-9436 
A5813 5060-9436 
ASS14 5060-9436 
ASS1S 5060-9436 


Description Mfr Part Number 


PUSHBUTTON SWITCH P.C. MOUNT 28480 3060-9436 
PUSHBUTTON SWITCH P.C. MOUNT 28480 3060-9436 
PUSHBUTTON SWITCH MOUNT 28480 060-9436 
PUSHEUTTON SWITCH MOUNT 28480 5060-9436 
PUSHBUTTON SWITCH MOUNT 28480 3060-9436 


NNN SG 
dail 
ooat 


ASS16 5060-9436 
foe ke 5060-9436 
ASS18 5060-9436 
ASS19 5060-9436 
ASS20 5060-9436 


PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
USHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 


MOUNT 29480 5060-9436 
MOUNT 28480 3060-9436 
MOUNT 20480 5060-9436 
MOUNT 28480 5060-9436 
MOUNT 28.480 5060-9436 


o29000 9An000 


vovUUU 


MOUNT 28480 5060-9436 
MOUNT 28480 5060-9436 
MOUNT 28480 3060-9436 
MOUNT 28480 5060-9436 
MOUNT 28480 5060-9436 


A5S21 5060-9436 
A5Se22 5060-9436 
A5S23 5060-9436 
ASS24 5060-9436 
ASS25 5060-9436 


PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 


NNGNN ONNNAVN 


TUDO 


MOUNT 28480 5060-9436 
MOUNT 28480 5060-9436 
MOUNT 28480 S060-9436 
MOUNT 28480 5060-9436 
MOUNT 26480 5060-9436 


ASS26 5060-9436 PUSHBUTTON SWITCH 
AIS27 5060-9436 PUSHBUTTON SWITCH 
A5S28 S060~-9436 PUSHBUTTON SWITCH 

ASS2P 5960-9436 PUSHBUTTON SWITCH 

ASS30 5060-9436 PUSHBUTTON SWITCH 


oaan0ngn 


MOUNT 28480 5060-9436 
MOUNT 20480 5060-9436 
MOUNT 28480 5060-9436 
MOUNT 28480 5060-9436 
MOUNT 28480 5060-9436 


A5S31 5060-9436 PUSHBUTTON SWITCH 
ASS32 § 060-9436 PUSHBUTTON SWITCH 
A5333 5060-9436 PUSHBUTTON SWITCH 
ASS34 5060-9436 PUSHBUTTON SWITCH 
A5335 5060-9436 PUSHBUTTON SWITCH 


onang 


MOUNT 28480 5060-9436 
MOUNT 28480 060-9436 
MOUNT 28480 50609436 
MOUNT 28480 060-9436 


PUSHEUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHGUTTON SWITCH 
PUSHBUTTON SWITCH 


pause 81060-9436 
337 5060-9436 
ase3e 5060-9436 
A5937 5060-9436 
ASS40 5060-9436 


MOUNT 28480 5060-9436 
PUSHBUTTON SWITCH + » MOUNT 28480 5060-9436 
PUSHEUTTON SWITCH P.C, MOUNT 28480 5060-9436 
SWITCH-PB DPDT ALTNG .5A 100VAC 28480 3101-2441 


ASS41 5060-9436 PUSHBUTTON SWITCH 
A5S42 5060-9436 
ASS43 5060-9436 


ASS44 3101-2441 


Cc. 
iC, 
Cc. 
Cc. 
PUSHBUTTON SWITCH P.C. MOUNT 28480 5060-9436 
C. 
Cc 
Cc 


eyNN NNNAN 


IC TNVY TTL LS HEX 01295 SN74LS05N 
TRANSTSTOR ARRAY 16-PIN PLSTC DIP 13606 ULN-200348 
IC SHF-RGTR TTL LS R~S SERIAL~IN PRL ~OUT 01295 SN74LS164N 
TRANSISTOR ARRAY 16-PIN PLSTC DIP 13606 ULN= 20038 
IC INV TTL LS HEX 01295 SN74LS0SN 


ASU 1820-1200 
ASU 19858-0047 
ASUS 1820-1433 
ASU4 1358-0047 
ASUS 1820-1200 


aaah oe a 


ASUS 1820-1433 
ASU? 1858-0047 
ASUB 1820-1568 
ASU? 1820-1730 
ASU 1990-0592 


IC SHF-RGTR TTL LS R-S SERIAL~IN PRL~OUT 01295 SN74LS164N 
TRANSISTOR ARRAY 16-PIN PLSTC DIP 13606 ULN -20034 
IC BFR TTL LS BUS QUAD 01295 SN74L.S125AN 
Ic FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN741S273N 
DISPLAY-NUM~SEG 1-CHAR .43-H 28480 5082-7653 


An oan 


DISPLAY-NUM-SEG 1-CHAR .43-H 28480 3082-7653 
DISPLAY-NUM~SEG 1-CHAR .43- 29486 50982"7653 
DIGPLAY-NUM~SEG 1-CHAR .43-H 28480 5982-7653 
DISPLAY-NUM-SEG 1-CHAR .43 29480 5082-7653 
DISPLAY-NUM-SEG 1-CHAR ,43- 28480 5082-7653 


ASuiI 1990-0592 
ASU12 1990-0592 
ASULS 1990-0592 
ASUI4 1990-0592 
ASu1S 1990-0592 


wien cia 


DISPLAY-NUM-SCG 1-CHAR .43- 28480 S082 -765 
DISPLAY -NUM “SEG 1-CHAR .43 28480 5082-7653 
SPLAY-NUM-SEG 1-CHAR .43 208480 5082-7653 
DISPLAY-NUM-SEG 1-CHAR ,43- 28480 5082-7653 
DISPLAY-NUM-SEG 1-CHAR .43 28480 5092-7653 


ASU16 1990-0592 
ASUI7 1990-0592 
ASU18 1990-0592 
ASU19 1990-0592 
ASU20 1990-0592 


clhemal ana 


SOCKET-IC 14-CONT DIP DIP-< 28480 1200-0638 
SOCKET-IC 14-CONT DIP DIP- 28480 1200-0638 
SOCKET-IC DIP -s 28480 1290-0638 
SOCKET -IC Wi pir 29460 1200-0639 
SOCKET-IC 14-CONT DIP DIP SL 28480 1209-0638 


ASXULD 1290-0636 
ASXUL1 1200-0638 
ASXUL2 1200-0638 
ASXULS 1200-0638 
ASXUL4 1209 -0638 


NNNNN 


SOCKLT-IC -CONT DIP DI?P- 20480 1200 0638 
SOCKET-IC ~CONT DIP DIP 28480 1200-0638 
SOCKET-IC ~CONT DIP DIP~¢ 26490 1200-0638 
SOCKET-IC ~CONT DIP DIP. S 28480 1200-0638 
socket -IC ~CONT DIP DIP--S 4 29460 1200 -06398 


ASKUIS 1200-0638 
ASKUL6 1200-9638 
ASXUL7 1200-0638 
ASKULE 1200-0638 
ASXU19 1200-0638 


NO NNNAN 


1200-0638 SOCKET-IC 14-CONT DIP DIP -S 28480 1200-0638 

0624-022 CW-TPG 4-40 ,25-IN-LG PAN-HD-POZI STL oocgo ORDER BY DESCRIPTION 
0890-9164 FLEX .04-ID NEMA-3 .019-WALL 00009 ORDER BY DESCRIPTION 
1460-1336 4 WIREFORM CU BRT~TIN 28480 1460-1335 

7121-1234 LABEL CAUTION 1.925-IN-WD 2.24-IN-LG 28480 7121-1234 

JUMPER CUT JUMPER 28480 JUMPER 


CONTRGL ASSENELY 234399 03225-66506 


0160-0978 CAPACITOR-FXD 1500PF +-1% SOOVDC MICA 28430 0160-0978 
0160-3847 CAPACITOR -FXD .JIUF #199-0% SOVDC CER 28480 0160-3847 
0160-0337 ‘ CAPACITOR-FXD 1G0PF +-1% 300VDC MICA 268480 0140 -0337 
9160-0337 CAPACITGR-FXD 160PF 4 -1% 300VDC MICA 28485 9160-0337 
0160-3847 CAPACITOR-FXD .G1UF +100-0% SOVDC CER 28480 0160-3847 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


@ Table 6-3. Replaceable Parts 
Reference par 
: . Description Mfr Part Number 
Designation 
6C6 0180-9228 6 CAPACITOR-FXD 22UF+-190% 15YDC TA 56289 (SOD226X901 SR2 
0160-3947 9 CAPACITOR-FXD .G1UF 4+100-0% SOVDC CER 28490 0140-3847 
0160-3847 9 CAPACITOR -FXD ,O1UF +100-0% SOVDC CER 29480 0159-3847 
0160-3847 4 CAPACITOR-FXD .OLUF +100 -0% SOVDC CER 26480 0160-3847 
0160-3947 S CAPACITOR-FXD ,O1UF +100-0% SOVDC CER 28480 0160-3847 
0160~3847 7 CAPACITOR-FXD .O1UF #100-0% SOVDC CER 28480 0160: 3847 
. 0160-2847 bd CAPACITOR-FXD .O1UF #190-0% SOVDC CER 23480 0160-3847 
AGC25 0160-3847 9 CAPACTTOR-FXD ,O1UF +100-0% SOVDC CER 28480 0140°3847 
ALC2S 9160-3847 9 CAPACITOR -FXD .QLUF #190 -0% SOVDC CES 28430 0160-3847 
A&C27 01460-3847 9 CAPACTTOR-FXD .O1UF +100 0% SOVDC CER 29480 01640-3847 
A6C2E 0160-3847 9 CAPACITOR -FXD .O1UF 4+199-9% SOVDC CER 28480 0160-3847 
A6C29 0160-3947 9 CAPACITOR-FXD ,O1UF +100- 0% SOVDC CER 25480 0160-3847 
Ab&T30 0160-3847 ‘3 CAPACITOR-FXD .01UF +100-0% SOVDC CER 28489 0160-3847 
ASC 0160-3947 9 CAPACITOR-FXD .O1UF +100 0% SOVDC CER 20480 0140-3847 
AEL32 9160-3847 g CAPACITOR=FXD .O1UF 4#100-0% SOIVDC CER 28489 0160-3847 
AGC 3S 0160-3847 bd CAPACITOR-FXD ,QIUF +100-0% SOVDC CLR 28490 0160 3847 
AOC34 9160-3847 st CAPACTTGR-FXD .O1UF #100 9% SOVDC CER 28480 0160-3847 
AbC3S 0160 47 9 CAPACTTOR-FXD ,O1UF +160-0% Sovpc CER 20480 0140- 3847 
ALC3I6 0166-2823 1 CAPACITOR-FXD 470UF 50-10% 6.3VDC AL 28480 0180-2823 
AGCI7 0180-2923 1 CAPACTTOR-FXD 470UF+50-10% 6.3VDC AL 29480 0190 2823 
AET3B 0160-9692 8 CAPACITGOR-FXD 220UF450-10% 35VDC AL 09494 SSVESL 220 
A6C39 0180-0692 8 CAPACTTOR-FXD 220UF450"10% 3SVDC AL 00494 SSVLSL220 
A6CAD 9180-2823 1 CAPACITOR-FXD 470UF450-10% 6.3VDC AL 23480 0130-2823 
ASC4AL 0160-3847 9 CAPACITOR-FXD .G1UF 4100 0% SOVDC CER 26490 0160-3847 
ASCE? 0180-2823 1 CAPACITOR -FXD 470UF450-10% 6.3VDC AL. 23480 0180-2823 
ACES 0180-2826 4 CAPACITOR-FXD 1000UF4+50-10% 16VDC AL 204680 0160-2826 
AECS4 9 CAPACITOR-FXD .1UF #°20% SOVDC CER 28480 9160-3558 
AOCSS 7 CAPACITOR-FXD .1UF +-20% SOVDC CER 28490 9160-35598 
A6CESG 0169 -38 9 CAPACITOR=FXD ,O1UF #100°-9% SOVDC CER 26480 0160-3847 
A&CS7 6160-3847 9 CAPACTTOR-FXD .O1UF +100-0% SOVDC CER 28480 0160-3847 
AGCSES 9160-3602 8 CAPACITOR-FXD .1UF 180-20% 100VDC CER 26654 21Z0YSV1I00R1942Z 
AGCS? 0160-3622 8 CAPACITOR-FXD .1UF +80-20% 100VDC CER 26654 O1S0YSV100R104Z 
F6C60 9160-3622 8 CAPACITOR-FXD .1UF +90-20% 100VDC CER 266054 2130Y5V100R1042 
AGCSI 0160-2009 3 CAPACITOR-FXD B20PF +-5S% BZO0VDC MICA 29480 0160-2009 
ALCH2 9160-2009 3 CAPACITOR-FXD G20PF 4+-5% 300VDC MICA 284680 0160-2009 
A6CH3 0160-3558 9 CAPACITOR-FXD ,1UF +-20% SOVDC CER 20480 0140-3553 
& AGCO4 0160-3558 9 CAPACITOR-FXD ,1UF 4-20% SOVDC CER 28480 0160-3558 
AGCRI1 1902-3153 DIODE~ZNR 9.31V 2% DO-35 PD=,4W 28480 1902-3153 


ACRE 1901-0940 
AGCRG 1901-0040 
AGCRS 1791-0040 


DIODE -SWITCHING 39 SOMA 2NS DO-35 26480 
DIODE-SWITCHING 30V SOMA 2NS DO-35 23400 
DIODE SWITCHING 39 SOMA 2NS DO-35 28480 


1901-0040 
1901-0040 
1901-0040 


eee 


AbS1 1200-0473 
A6S2 1251-6567 
ASTS 1251-6567 
A6T4 1251-6567 
Ab6S51 1200-0634 


SOCKET-IC 16-CONT DIP DIP~-SLDR 29480 1200°-0473 
CONNECTOR 21-PIN M POST TYPE 28480 1251-6567 
CONNECTOR 21~PIN M POST TYPE 1251-6567 
CONNECTOR 21-PIN M POST TYPE 1251-6567 
SOCKET-IC 24-CONT DIP DIP-SLDR 28480 1200-0634 


Woosd 


AGL 9109-2459 
Abl2 9100-1637 
AGLS 9100-3334 


INDUCTOR RF=CH-MLD 121UH 1% .166DX,.385LG6 28489 
INDUCTOR RF-CHe MLD 120UH S% .166DX, 385SLG 28480 
INDUCTOR 25UH 10% .3D 23480 


9100-2459 
9100-1637 
9100-3334 


Reo 


AGMP1 1205-0293 
AGMP 2 0340-9564 
A6MP3 1258-0141 


HEAT SINK PLSTC™PWR-CS 28480 
INGULATOR-XSTR TIHRM» CNDCT 28480 
Connector-Shorting 28480 


1205-0298 
0340-0564 
1258-0141 


AGPS 1251-3750 
AGP 26 1251-4822 
AGPS2 1251-4245 


CONNECTOR 10-PIN M POST TYPE 23480 
CONNECTOR 3-PIN M POST TYPE 29480 
CONNECTOR 2-PIN M POST TYPE 28480 


1251-3750 
1251-4822 
1251-4245 


NON own 


AbQ1 1854-0071 
AbQ2 1854-0215 


TRANSISTOR NPN SI PD=300MW FT=200MHZ 28480 1854-0071 
TRANSISTOR NPN SGI PD=350MW FT=300MHZ 04713 2N3904 


=N 


ASR 1 0698-8344 
AERA 0683-7525 
ASRS 0683-6815 
AGR4 0683-1035 
AORS 0683-1035 


RESISTOR 604K 1% .125W F TC=0+-100 28480 0698-8344 
RESISTOR 7.5K 5% .25W FC TC=-400/+700 91121 CR7525 
RESISTOR 680 5% .,25W FC TC=-400/+600 d1ia1 CB6815 
RESISTOR 10K 5% .25W FC TC=-400/+700 01121 CB1935 
RESISTOR 10K 5% .25W FC TC=-400/+700 o1121 CH1LO35. 


+euno 


AORG 1810-0055 
ADR7 06983279 
AGRB 0698-4020 
AGRI 1810-0076 
AGRAD 9683-1825 


NETWORK-RES 9-SIP10.0K OHM X 8B 28480 
RESISTOR 4,.99K 1% .125W F TC=0+4+-106 24546 
ESISTOR 9.53K 1% .125W F TC=04-100 24546 C4-1/8-T0-9531-F 
NETWORK-RES 9-SIP1.8« OHM X 8 28480 1810-0076 
RESISTOR 1.8K 5% ,25W FC TC=-400/4700 01121 CER1825 


1810-0055 
C4--1/8-T0-4991-F 


Noo” 


ABR 13 1810-0140 
ABR14 0683-1035 
AbR1S 0683-3625 
AGR16 0683-3625 
ASR17 1810-0229 


NETWORK-RES 4-SIP22.0K OHM X 3 91437 CSP 04C07~-222F 
RESISTOR 10K S% .25W FC 1C=-400/+700 91121 CB1035 
RESISTOR 3,6K 5% .25W FC TC=~-400/+700 o1la1 Chk3625 
RESISTOR 3.4K 5% ,25W FC TC=-400/+700 01121 CB3625 
NETWORK-RES 8° SIP330.0 OHM X 7 O1121 2080331 


Uwywve wa 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference HP Part 
Designation | Number 


A&R1B 1810-0055 
AOR1IP 0683-1515 
AGR20 0683-1035 
AGR2I1 06938-6619 
F6R22 9699-9107 


Description Mfr Part Number 


NETWORK-RES SIP19.9K OHM X 8 £6480 1810-9055 
RESISTOR 150 5% .,25W FC TC=-400/1600 O1ivar CELSAS 
[STOR 10K S% .25W FC TC=-4007+700 9412) CR1IO35 

SSISTOR 15K 1.1% ,125W F TC=0+-25 20480 0699-6619 

RESISTOR 4.75K .1% .125W F TC=04-25 2C4B0 0699 0107 


wana 


RESISTOR & .25W FC TC=-400/7+600 O1i21 CES115 
RESISTOR 5S -25W FC T A09/1609 o11ed CBE115 
RESISTOR 10K 5% .25W FC T 400/+700 01121 CELO3S 
RESISTOR 18K S% .chW FC TC=- 40071809 g112 CB1O3S 
NIETWORK-RES 10°SIP MULTI-VALUE 28480 1610-0136 


AbR A 0683-5115 
ABR24 0683 S115 
ASBR25 0683-1038 
AGRZE 0683-1835 
AGRS1 1810-0136 


1 
1 


NETWORK-RES 8-SIP3,.3K OHM XK 7 20480 1819-0297 
RESISTOR 10K S% ,25W FC TC=-400/7+700 01121 CELGSS 
RESISTOR 510 5% .25W FO TC=-400/4600 01121 CBS115 
RESISTOR 510 5% .25W FC TO=-400/+600 G1’iar CES115 


AbR52 1810 0297 
ABRSS 0683-1035 
AGRE4 0683-5115 
ASRSS 6683-5115 


a Porn WAS on 


A6S1 3101°1626 SWITCH -TGL DIP-RKR-ASSY 7-1A .1A SVDC 28480 3101-1626 
AbU1 1918-0702 
AbU2A 18168-0703 
AbUS 1818-0704 
A6U4 1018-0705 
AGUS 1820-1197 


TC NMOS 32768 (32K) ROM 450-NS 3-§ $5576 SYP2332 MASKED 
IC NMOS 32768 (32K) ROM 4590°NS 3- S5576 SYP 2332 MASKED 
IC NMOS 32768 (32K) ROM 450-NG 3-f S5576 GYP2332 MASKED 
IC GATE TTL LS NAND QUAD 2 INP 01295 SN74LS00N 


IC NMOS 327468 (32K) ROM 450 NS 3-5 S576 SYP 2332 MASKED 


~VaoNou 


AGUG 1818-0438 IC NMOS 4096 (4K) STAT RAM SONS 3-3 01295 THS2114-45NL 
AGW? 1920-1195 7 ic Fr TTL. LS D-TYPE POS~EDGE-TRIG COM 01295 SN7A4LG17SN 
AGUB 1826-0180 TC TIMER TTL MONO/ASTRL 01295 NESSSP 

AUP 1820-1691 IC MICPROC NMOS 28480 18201691 
AGUID 1@20° 1759 IC BFR TIL LS NON@ INV OCTL 27014 DMBILSY7TN 


> 


woo 


IC NMOS 1024 (1K) STAT RAM SO00-NS 34335 AMPLLAAPC 
IC NMOS 1024 (1K) STAT RAM S90-NS 34335 AM? LL2APC 
IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN74L5175N 
IC FF TTL LS D-1YPE POS-EDGE-TRIG COM 91295 SN74LS174N 
IC INV TTl. HEX 01295 SN7404N 


A6U11 19818-0199 
46U12 1618-0199 
ASbU13 1820-1195 
A6U14 1020-1196 
ASUIS 1820-0174 


canNnasd 


IC DCDR TTL LS 3-TO-B-LINE 3-INP 91295 SN74LS138N 
IC DCDR TTL LS 3 TO-8-LINE 3-INP 01295 SN74LS138N 
INY TTL S HEX 1-INP 91295 GN74504N 
BFR TTL LS NON-INV OCTL 27014 DMBALSI7N 

CNTR TTL LS BIN UP/DOWN SYNCHRO 91295 SN741.S193N 


A6U16 1820-1216 
A6U17 1820-1216 
AUIS 1920-9683 
AGUI9 1820-1759 
A6U20 1G20-1194 


eto 


> CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 SN74LS193N 
BFR TTL LS NON-INV OCTL 27014 DM81L597N 
GATE TTL LS NAND QUAD 2 INP 01295 SN74LS00N 
GATE TTL LS GR QUAD 2-INP 91295 SN74LG32N 
DCDR TTL LS 3-TO-8-LINE 3-INP 01295 SN74LS135N 


AbU21 1820-1194 
AGU22 1620-1759 
AGU23 1820-1197 
A6U24 1829-1208 
AbU25 1820-1216 


Awawoe 


BFR TTL LS NON-INY OCTL 27014 DMB1ILS97N 
FF TTL LS D- TYPE POS-EDGE-TRIG COM 01295 SN7ALG27 3N 
BFR TTL LS NON-INV OCTL 27014 DME1LS97N 
SHF-RGTR TTL LS R~S SERIAL-IN PRL: OUT 01295 SN74LS164N 
GATE TTL LS NAND QUAD 2-INP 01295 SN74LS00N 


A6U26 1820-1759 
AGU27 1620-1730 
ASUaB 1820-1759 
AGU29 1820-1433 
AGUSO 1820-1197 


GATE TTL LS OR QUAD 2 INP 01295 SN74L932N 
FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN7 41.91 75N 
GATE TTL LS NAND QUAD 2- INP 01295 SN74LS500N 
FF TTL LS D- TYPE POS-EDGE-TRIG 01295 SN74LS74AN 
BFR TTL LS BUS QUAD 01295 SN74.S125AN 


A6US1 1820-1208 
AGUS2 1820-1195 
A6U33 1820-1197 
AGUS4 1829-1112 
AGUSS 1920-1568 


INV TTL S HEX 1-INP 01295 SN74S05N 
SN74LS165N 28480 1820°1975+D 
BFR TTL LS NON-INV OCTL 27014 DMB1LS97N 

> GATE TTL LS NOR QUAD 2-INP 01295 SN74LS02N 
INV TTL LS HEX 1-INP 91295 SN74LS04N 


A6U36 1620 0684 
A6U37 1820-1975+D 
A6U38 1820-1759 
A6U39 19820-1144 
A6U40 1820-1199 


Peewee N OOVNHW wrutry 


GATE TTL LS NOR TPL 3--INP 01295 SN74LS27N 
FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN 
BFR TTL LS INV OCTL 2~INP 27014 DMS1LSP98N 
OP AMP GP G-DIP-P PKG $0545 UPCIOLAC 
CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIG 01295 SN74LS161AN 


AbU41 1820-1206 
AbU42 1820-1112 
A643 1920-1873 
AGU44 1820-0477 
ASU4S 1820-1430 


Woeooe 


GATE TTL LS NAND QUAD 2-INP 91295 SN74LS00N 
OPTO-ISOLATOR LED-PDIO/XSTR IF=25MA-MAX 26490 6N136 
OPTO-ISOLATOR LED-PDIO/XSTR IF=S0MA-MAX 23480 5082-4355 
OPTO-ISOLATOR LED-PDIO/XSTR IF=SOMA~MAX 28480 50682-4355 
OPTO-ISOLATOR LED-IC GATE IF=10MA-MAX 28480 5062-4364 


AGU46 1820-1197 
ASUS1 1990-0444 
AbUS2 1999-9577 
AGUS 1990-0577 
A6US4 1990-0461 


NOSSO w 


OPTO-ISOLATOR LED-IC GATE IF=10MA~MAX 29480 5082-4364 
BFR TTL NAND QUAD 2-INP 91295 SN7438N 
SHF-RGTR TTL LS R-S PRL~IN PRL-OUT 01295 SN74LS19S5AN 
SHF-RGTR TTL LS RS PRL-IN PRL-OUT 01295 SN74LS195AN 
SHF-RGTR TTL LS R~-S PRL-IN PRL-OUT 01295 SN74LS195AN 


A6USS 1990-0461 
AbUS6 1820-0621 
ASUS7 1820-1300 
A6USB 1820-1309 
AGUS9 1620-1300 


SCHMITT-TRIG TTL LS INV HEX 1-INP 01295 SN74LS14N 
LCH TTL LS QUAD 01295 SN74LS279N 
GATE TTL LS NAND QUAD 2-INP 01295 SN74LS00N 
SCHMITT-TRIG TTL LS INV HEX 1-INP 01295 SN74LS14N 
FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN 


AGU60 1820-1416 
ASU61 1820-1440 
A6U62] 1820-1197 
ASUS 1820-1416 
AbU64 1820-1112 


anwng SFeernn 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


@ Table 6-3. Replaceable Parts 
Cc eee 
Referen 2 Description Mfr Part Number 
Designation 
A6U6S 1LB26°0144 7805 V RGLTR TO-220 04713 MC7805CP 
AGUG6 1820-1558 UART TTL QUAD 04713 MC3441AP 
AGU67 1020-1558 UART TTL QUAD 04713 MCS441AP 
AbW68 1820-1730 FF TTL LS D~TYPE POS-EDGE-TRIG COM 01295 SN74LS273N 
AGU69 1929-0621 BFR TTL NAND QUAD 2- INP 01295 SN7438N 
A6U70 1820-1197 9 GATE TTL LS NAND QUAD 2: INP 01295 SN74LSO00N 
AGU71 1829-1204 2 GATE TTL LS NAND DUAL 4~INP 01295 SN74LS20N 
A672 1920-1197 9 GATE TTL LS NAND QUAD 2-INP 01295 SN74L.S00N 
A6U73 1820-1281 2 DCDR TTL LS 2-TO-4-LINE DUAL 2-INP 01295 GSN74L8139N 
AGU74 1906-0096 VE DIODE--FW BRDG 20CV 2A 04713 MDAZO2 
AGBU7S 1820-1199 i IC INV TTL LS HEX 1--INP 91295 SN74LS504N 
AbVI 1970-0076 8 TUBE--ELECTRON SURGE V PTCTR 20480 1970-0076 
0360-1716 1 TERMINAL-STUD SGL~PIN PRESS-MTG 28480 9360-1716 
0624-0227 a SCREW-TPG 4-40 .25-IN-LG PAN-HD-POZT STL 00000 ORDER BY DESCRIPTION 
0757 -0443 0 RESISTOR 11K 1% .125W F TC=04--100 24546 C4-1/8-T0-1102-F 
1251-4484 6 CONNECTOR 4°PIN M POST TYPE 28480 1251-4494 
1460-1336 4 WIREFORM CU BRT<TIN 28480 1460-1336 
2190-0913 3 WASHER-LK HLCL NO. 4 ,115-IN-ID 20480 2190-0913 
2200-0143 0 SCREW-MACH 4-40 ,375-IN-LG PAN-HD-POZI 28480 2200-0143 
2260-0001 S NUT-HEX~-DBL-CHAM 4-40-THD .094-IN=THK 28480 2260-0001 
3050-0105 & WASHER-FL MTLC NO. 4 .125-IN-ID 28480 3050-0105 
3050-0440 2 WASHER-SHLDR NO, 4 ,115-IN-ID ,2-IN-OD 209480 3050-0440 
7120-6712 6 LABEL-WARNING .S-IN-WD 1-IN-LG MYLAR 28480 7120-6712 
7121-1234 9 LABEL-CAUTION 1.925-IN-WD 2.24-IN-LG 28480 7121-1234 
AB 03325-66508 | 5 HIGH VOLTAGE OUTPUT ASSEMBLY (OPT 002) 28480 03325-66508 
Asti 0160-2055 CAPACTTOR-FXD ,O1UF +80-20% 100VDC CER 20490 0160-2055 
ABCA 9160-2055 CAPACITOR-FXD .91UF #80-20% 100VDC CER 28480 0160-2055 
Ascs 0180-2903 5 CAPACTITOR-FXD 100UF+50-10% SOVDC AL 284090 0186-2603 
A8C4 0199-2803 CAPACITOR-FXD 100UF+50-10% SOVDC AL 28.480 9180-2803 
ASCS 0180-2822 CAPACTTOR-FXD 10UF4+56-10% SOVDC AL 20480 0160-2822 
ABCL6 0180-2822 CAPACITOR-FXD 10UF+50-10% SOVDC AL 28489 0180-2822 
ASC? 0160-2257 CAPACITOR-FXD 10PF +-5% SOOVDC CER 04-60 294900 0160-2257 
i 0160-2257 CAPACITOR-FXD 10PF 4-5% SOOVDC CER 04-69 28480 9160-2257 
: 0160-3847 CAPACITOR-FXD .01UF +100-0% SOVDC CER 28490 0140-3847 
0160-2244 CAPACITOR-FXD 3PF +-,25PF SOOVDC CER 20480 0160-2244 


0160-2244 CAPACTTOR~FXD s Soovpe CER 28480 0140-2244 
9180-02190 CAPACTTOR-FXD 3. SUF 1S5VDC TA 56289 1S0DS35X0015A2 
6180-0210 CAPACITOR-FXD 3, 3UF+-20% 15VDC TA 54289 LSODI3SX0OLSAa 
0160-3558 CAPACITOR-FXD .1UF +-20% SOVDC CER 28480 0160 3558 
A8C17 0160-3558 CAPACITOR-FXD .1UF +-20% SOVDC CER 28480 0160-3558 


A&C18 5180-2825 ‘ CAPACITOR-FXD 22UF+50-19% SOYDC AL 28480 0180-2625 
ABC21 0180-2825 CAPACITOR-FXD 22UF+50-10% SOVDC AL. 3 0180-2825 
ABC22 $160 -3558 CAPACITGR-FXD .1UF #-20% SOVDC CER $160-3558 
ABC23 0160-3559 CAPACITOR-FXD .1UF +-20% SOVDC CER 4 0160 3558 
A8C24 9169-3558 CAPACITOR-FXD .,1UF 4#-20% SOVDC CER 0160-3558 


AsCeS 0160-3558 CAPACITOR-FXD ,1UF +-20% SOVDC CER é 0160-3559 


AGCR1I 1902-3205 : ="ZNR 15V 5% DO-35 PD=.4W TC=+,.057% 28 1902-3205 
AHCR2 1902-3205 q S“ZNR 15V 5% DO-35 PD=.4W TC=+.05 28480 1902-3205 
AGCRS 1991-0040 I DIOQDE-SWITCHING 30V SOMA 2NS DO-35 28480 12701-0040 
ABER4 1901-0040 DIODE-SWITCHING 304 SOMA 2NS DO-35 26480 1901-0040 
ABCRS 1901-0040 DIODE-SWITCHING 30Y SOMA 2NS DO-35 28480 1901-0040 


ABCRE 1902-3205 DIODE--ZNR 15V S% DO-35 PD=.4W TC=+ ? 28460 1902-3205 
ABCR? 1902-0244 DIODE-ZNR 30V S% PD=1W IR=SUA 28480 1992-0244 
ASCRB 1901-0040 DIODE~SWITCHING 30V SOMA 2NS DO-35 29400 1901-0040 
ABCRIA 1991-0040 DIODE -SWITCHING 30V SOMA 2NS DO-35 28480 1901-0040 
ASCRI2 1901-0040 DIODE --SWITCHING 30 SOMA 2@NS DO-35 28490 1701-0040 


ACCRIG 1991-9949 DIODE SWITCHING JOY SOMA 2NS DO-35 28489 1901-9040 
ASCR14 1901-0040 : SWITCHING 30V SOMA 2NS DO-35 26480 1901-00486 
ASCRIS 1901-0049 SWITCHING 309 SOMA ANS DO-35 28480 1901-0040 
ABCR1I6 1901-0056 DIODE-SWITCHING 80V 200MA 2NS DO-35 20480 1901-0050 
AGCRI7 1991-0050 RK DIODE -SWITCHING 80Y 200MA 2@NS DO-35 28480 1901-0050 


ABFA 2110-0343 FUSE .25A 125V NTD ,281X,093 28480 2110-0343 


Agsead 1251-2969 a CONNECTOR-PHONO SINGLE PHONO JACK; DIP 28480 251-2969 
ABS21 1251-2969 CONNECTOR-PHONO SINGLE PHONO JACK; DIP 28480 1251-2969 
ABMP 1 1205-0298 S HEAT SINK PLSTC -PWR-CS 28400 
ABMP2 1205-0011 9 HEAT SINK TO-5/T0-39-CS 28400 
ABMPS 0340-0564 INSULATOR=-XSTR THRM-CNDCT 28480 0340-0564 


Ast 1251-4246 * CONNECTOR 3-PIN M POST TYPC 20480 251-4246 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference HP Part 
Designation | Number 


ABQ1 1854-0475 
ABQ2 1854-0215 
A8Q3 1853-0036 
ABQ4S 1853-0042 
A8aQs 1854-0215 


Description Mfr Part Number 


TRANSISTGR--DUAL NPN PD=750MW 28480 1854-0475 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 

TRANSISTOR PNP SI PD=310MW FT=250MHZ 28480 

TRANSISTOR PNP SI PD=310MW FT=200MHZ 28480 1853-0042 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2N3904 


son-a 


ABQS 1854-0215 
ABR7Z 1853--0020 
A8Q8 1853-0020 
A8Qii 1854-0215 
AsaQi2 1853-0042 


TRANSISTOR NPN SI PD=350MUl FT=300MHZ 04713 ON3904 
TRANSISTOR PNP SI PD=300MW FT=150MHZ 28480 1853-0020 
TRANSISTOR PNP SI PD=300MW FT=150MHZ 28480 

TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 

TRANSISTOR PNP SI PD=310MU FT=200MHZ 28480 1853-0042 


Oubae 


AGAIS 1854-0215 
A8Q14 1854-0692 
ABAIS 1853--0367 


TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2N3704 
TRANSISTOR NPN SI PD=15W FT=S0MHZ 04713 MIE223 
TRANSISTOR PNP SI PD=15W FT=SOMHZ 04713 MIE 233 


mo 


ABR1I 0698-3279 
ABR2 0757-0458 
ABR 0757-0283 
AGR4 0757-0283 
ASRS 0683-4705 


RESISTOR 4,.99K 1% .125W F TC=0+-100 24546 C4-1/8-T0-4991-F 
RESISTOR Gl.1K 1% .125W F TC=0+-190 24546 C4-1/8-T0-5112-F 
RESISTOR 2k 1% .125W F TC=0+~-100 24546 C4--1/8-T0-2001-F 
RESISTOR 2K 1% .125W F TC=0t-100 2ASAG C4°1/8-T0-2001-F 
RESISTOR 47 5% .25W FC TC=-400/4+500 01121 Ch4705 


ABRG 0683-4705 
ABR7 0698-3279 
ABRB 0678-3223 
ASR11 0698-4449 
ABR12 0698-6360 


RESISTOR 47 5% .25W FC TC=-400/+500 g1121 CR4705 

RESISTOR 4,99 1% .125W F TC=0+~100 24546 C4°1/8-T0~4991-F 
RESISTOR 1.24K 1% .125W F TC=0+4-100 24546 C4--1/8-T0-1241 °F 
RESISTOR 309 1% ,125W F TC=0+-100 24546 C4- 1/8-T0-309R-F 
RESISTOR 10K .1% .,125W F TC=0+-25 28480 0698-6360 


ABR 13 0698-6360 
AGR14 0698-4453 
ASR1S 0698-4453 
ABR16 0683-1015 
AGR17 0683-1015 


RESISTOR 10K .1% .125W F TC=0+-25 28480 0698-6360 
RESISTOR 402 1% .125W F TC#0+- 24546 C4 °1/8-T0-402R -F 
RESISTOR 402 1% .125W F T 24546 C4-1/8-T0402R-F 
RESISTOR 100 5% ,25W FC T 40974500 91121 CB101S 

RESISTOR 100 5% ,25W FC TC=-400/+500 Giiat Chi015 


Nu bao CoWnogn eernovuc 


RESISTOR 100K 5% .25W FC TC=-400/7+800 o1121 CHIL04S 
RESISTOR 3,01K 1% .125W F TC=0+-109 24546 C4--1/8-T0-3011-F 
RESISTOR 53.6K 1% .125W F TC=04-100 24546 C4 -1/8-T0-5362-F 
RESISTOR 3,01K 1% .125W F TC=0+-100 24546 CA 1/8-T0-3011-F 
RESISTOR 47 S% .25wW FC TC=-400/4500 01121 CB4705 


ABRIB 0683-1045 
ABR2I1 0757-0273 
ABRE2 0698-4498 
ADR23 0757-0273 
ABR24 0683-4705 


wPwbu 


ABR2S 0683-4705 
ABR26 0683-3305 
ABR27 0683-3305 
ABSR2B 0633-9365 
ASBRS1 0757-0283 


RESISTOR 47 5% .25W FC TC=-400/+500 Orie CE4705 
RESISTOR 33 5% .25W FC TC=-400/4+500 O1121 CB33905 
RESISTOR 33 5% .25W FC TC=-400/7+500 01121 CL3305 
RESISTOR 3.6 5% .25W FC TC=-400/4+500 01121 CRI6GS 
RESISTOR 2K 1% .125W F TC=04+-100 24546 C4.-1/8-T0-2001°F 


canna 


% .125W F TC=0+-100 24546 C4°1/8-T0-2003-F 
RESISTOR 200K 1% .125W F TC=0+~-100 24546 C4 1/8-TO"2003-F 
RESISTOR 2K 1% .125W F TC=0+-100 24546 C4-1/8-T9-2001 °F 
RESISTOR 3.6 5% ,25W FC TC=-400/4500 o1iat C3665 
RESISTOR 5.6 5% .25W FC TC=-400/+500 01121 CBSO65 


AGRSZ 0757-0472 
ABRIZ 0757-0472 
AGR34 0757-0283 
ABRIS 0683-0365 
AGR36 0683-0565 


RESTSTOR 200K 1 
1 


cOcwWu 


CLS66S 


ABR 37 0683-0565 Tit 
1121 Che205 


AGRIB 0683-2295 


“oO 


RESISTOR 5.6 5% .25W FC T 4007/4500 0 
RESISTOR 22 5% .25W FC TC= 4007/1500 0 


ABU1 1906-0096 
Agua 1826-0464 
ABUS 1826-0214 


DIODE-FW BRDG 200V 2A 04713 MDAZO2 
IC V RGLTR TO-220 04713 ii a 
IC V RGLTR TO-22 04713 


“an 


CONNECTOR-SGL CONT PIN 1,14-MM-BSC-52 & 28480 1251 -0600 
WASHER-LK INTL T NO, 4 .115-IN-ID 28400 2190-0004 
SCREW-MACH 4-49 .SIN@LG PAN-HD-POZT 28480 2200-0147 
NUT-HEX-DRBL-CHAM 4-40-THD .062-IN-THK 28400 2260-0002 
SCREW-MACH 6-32 .25-IN-LG PAN-UD-POZT 00000 ORDER BY DESCRIPTION 


1251-0600 
2190-0004 
2200-0147 
2260-0002 
2360-9113 


Voevo 


WASHER-FL MTLC NO. S .128-IN-1D 239400 3050-0716 
LABEL-CAUTION 1.925-IN-WD 2.24 IN-LG 28480 7121-1234 


3050-0716 
7121-1234 


ou 


Ag 03325-66509 CRYSTAL OVEN ASSEMELY (OPTION 001) 20480 03505 -66509 
AgC1 0180-0692 : CAPACITOR -FXD 220UF450-10% 35VEC AL 00494 3EVESL229 
age 0160-3847 CAPACITOR-FXD ,O1UF +100-0% Sevoc CER 23490 0140-3847 
A9C3 0160-3847 CAPACITOR -FXD .01UF #100 0% SOVPC CER 28480 0169-3847 
A9C4 0180-0693 CAPACITOR-FXD 1000UF+S0—-10% 25VDC AL 00494 ASVESL1000 
AGCRI 1991-0049 : DIODE -PWR RECT 59V 750MA DO-29 28489 1901-0049 
APCR2 1901-0049 DIODE-PWR RECT SOV 750MA DO-29 23480 1701-0049 
APCRS 1902-0949 é DIODE -2NR 6.19Y 5% DO-35 PD=.4W 28480 1902-0049 
AVE L 09460-0465 OSCILLATOR 10MHZ 28490 0960-0465 
ART19 1251-2969 CONNECTOR-PHONO SINGLE PHONO JACK; DIP 284B0 1251-2769 


ASMP I 1205-0293 HEAT STNK PLSTC-PWR-CS 28406 1205-0298 
APMP 2 9340-0564 2 INSULATGR-XSTR THRM CNDCT 23480 0340-0564 


APPL 1251-4246 CONNECTOR 3-PIN M POST TYPE 2384a0 251 -424b 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference 
Designation 


Description Mfr Part Number 


APQL 1954-9953 TRANSISTOR NPN 2N2218 SI TO-S PD=B00MW 04713 2N2218 


AP R2 


AGRI 
APRA 
AIRS 
APRA 
AIRS 


AIRY 
AQR7 
APRB 
AIR? 


AAUT 


Al4 


A141 
A142 
A1 403 


AL14C4 


ALACS 
A14C6 
14026 
A14C27 
ALACEB 


414029 
A14C031 
A14C32 
AL4C33 
A14C34 


A14C035 
A1L4C36 
A14C37 
A14038 
AL4C39 


A14C41 

A14042 
AL4AC4S 
AL4C44 
ALACaSS 


A14CAS 
A14C47 
AL4CAB 
A14C49 
A14C50 


A14C061 
A14C062 
AL4CES 
A1l4C65 
AlLA4CE6 


AL4C76 
ALACT7 
AL4078 
A14C0101% 
A14C192 
A14C103 * 
A140104 
A140195 
A14C107 
A14C0108 
A14C109 


€140110 
AL4C111 
ALt4cilea 
€14C113 
AL4C114 


1853-0450 


0683-1025 
0683-1035 
0683-3325 
0757-0290 
0698-3498 


04983274 
2100-3252 

0683-1015 
0683-2925 


1820-0216 


2190-9913 
2200-0103 
2200-9143 


2260-0001 
22360-0113 
3050-0105 
3050-0449 
3050-0604 


3050-0716 
7121-1234 


03325-66514 


0180-1701 
0160-3560 
0160-36047 


0160-4532 


0180-1746 
0180-1746 
0160-3847 
0160-3847 
0160 -3847 


0160-4571 

9160-3847 
0160-3847 
9160-3466 
0160-4532 


9160-4571 
0160-0162 
0160-0162 
0160-3947 
0160-3847 


0160-4571 

9160-4571 
0160-4137 
0160-9128 
0160-0128 


9160-5335 
0160-3847 
9180-0219 
0180-1746 
9160-4571 


0160-5335 
0160-5335 
0160-5306 
0160-5306 
0160-5306 


9160-4571 
0160-3847 
0160-3847 
0160-0145 
9160-2201 
0140-0217 

0160-3084 
9160-2306 
0140-0196 
0160-3847 
0160-3847 


0121-0105 
0160-2250 
0169-3847 
0160-3847 
0160-4532 


ron ony 


3 


Aurwos wvutio H-@ev~ed wrveu 


aounrwds 


VwWNUArouewvvto Cvs 


-COyorh 


TRANSISTOR PNP SI TO-220AB PD=40W 


RESISTOR 1K S% 
RESISTOR 10k 5% 


RESISTOR 3.3 


RESISTOR 6.19K 1% 
RESISTOR 8. 66K 


.2oW FC TOs 4000/7600 

2 -400/4700 
S%. .2u “409/700 
.125W F TC=04-100 
1% ,125W F 1C=04+-100 


RESISTOR 10K 1% .125W F TC0+-25 
RESISTOR-TRMR 5k 10% C TOP-AD 
RESISTOR 100 5% .25W FC TC=-400/+500 


‘ TSTOR 2K SK 


.25W FC TC=-400/4700 


IC 0° AMP GP B-DIP-P PKG 


PC BD-BLK(22212) 


WASHER=LK BLOL NO. 4 .115-IN-ID 


SCREW-MACH 4-40 


.25-IN-LG PAN-HD-POZT 


SCREW-MACH 4-40 .375-IN-LG PAN-HD-POZI 


NUT-HEX-DEL-CHAM 4-40-THD ,094-IN-TIiK 


SCREW-MACH 6-3 


2 .25-IN-LG PAN-HD-POZT 


WASHER-FL MTLC NO. 4 .125-IN-ID 
WASHER-SHLDR NO. 4 .115-IN-ID .2-IN-OD 
WASHER-FL MTLO 7/16 IN .S~IN°ID 


WASHER-FL MTLCO NO. S 


-128 -IN-ID 


LABEL-CAUTION 1.925-IN-WD 2.24-IN-LG 


PC ASSY-FUNCTION 


CAPACTTOR-FXD 
CAPACITOR -FXD 
CAPACITOR-FXD 


CAPACTTOR-FXb 


CAPACITOR~FXD 
CAPACLTOR--FXD 
CAPACITOR-F XD 
CAPACITOR-FXD 
CAPACITOR -F XD 


CAPACITOR-FXD 
CAPACITOR~F XD 
CAPACTTOR-FXD 
CAPACITOR -FXD 
CAPACLTOR-FXD 


CAPACITOR-F XD 
CAPACITOR-FXD 
CAPACITOR~F XD 
CAPACTTOR~FXD 
CAPACITOR~F XD 


CAPACTTOR~-FXD 
CAPACITOR-FXD 
CAPACTTOR-FXD 
CAPACITOR-FXD 
CAPACITOR -FXD 


CAPACITOR -FXD 
CAPACITOR-FXD 
CAPACITOR=FXD 
CAPACITOR-FXD 
CAPACITOR~F XD 


CAPACITOR-FXD 
CAPACITOR -F XD 
CAPACITOR-FXD 
CAPACLTOR-T XD 
CAPACITOR-FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACI TOR-FXD 
CAPACTTOR-FXD 
CAPACI TOR-F XD 


6. 8UF+-20% 6YDC TA 
1UF 4-2% 100VDC MET-POLYC 
-O1UF #100-0% SOVDC CER 


1OOOPF +-20% SOVDC CER 


1SUF+-19% 20VDC TA 
1SUF+-10% 20VDC TA 
-O1UF 4100 0% SOVDC CER 
-O1UF #100-0% SOVDC CER 
-O1UF +100°0% SOVDC CER 


-1UF +860-20% SOVDC CER 
-O1UF #100-0% SOVDC CER 
/OLUF #100-0% SOVDC CER 
100PF #-10% 1AKVDC CER 
1O00PF +-20% SOVDC CER 


»1UF 460--20% SOVDC CER 
.022UF +-10% 200VDC POLYE 
.O22UF *-10% 200VDC POLYE 
»G1UF +100-0% SOVDC CER 
»O1UF 4106-0% SOVDC CER 


»1UF +80-20% SOVDC CER 
-1UF 4600-29% SOVDC CER 
-O1UF +°1% 100VDC POLYSTY 
2.2UF +-20% SOVDC CER 
2.2UF +-20% SOVDC CER 


1UF 4-19% 109VDC MET--POLYE 
»O1UF +100~-0% SOVDC CER 
3.3UF420% 1SVDC TA 
1SUF+-10% 20VDC TA 

-1UF 4#89-20% SOVDC CER 


1UF +-10% 100VDC MET~POLYE 
TUF #-19% 100VDC MET-POLYE 
TUF +-10% 100VDC 
»1UF +-10% 100VDC 
»1UF +-10% 100¥DC 


.1UF +89-20% SIVDC CER 
-O1UF +100-0% SOVDC CER 
»O1UF +100-9% SOVDC CER 
B8aPF +-2% 100VDC MICA 
S1PF 4+-5% 300VDC MICA 


CAPACITOR-FXD 140pF 300V 


CAPACTTOR-FXD 
CAPACITOR-FXD 
CAPACITTOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 


CAPACITOR-V TRMR CER 9 


CAPACITOR~-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-F XD 


6OPF +-2% SOO0VDC MICA 
27PF 4#-5% 300VDC MICA 
1S0PF +-5% 3OOVDC MICA 
»O1UF +100-0% SOVDC CER 
-O1UF +#100-0% SovoCc CER 


200 PC-MTG 
S.1PF +-.25PF SOOVDC CER 
-O1UF 4100-0% SOVDC CER 
-G1UF +100-0% SOVDC CER 
1990PF 4+-20% SOVDC CER 


04713 


O1121 
01121 
91121 
19761 
24546 


20460 
28480 

01121 
01121 


28480 
28480 


23480 
28480 
28480 


29460 
90009 
23460 
28480 
28480 


28489 
28480 


28430 


54289 
28480 
28400 


29480 


56289 
56289 
28480 
28480 
28480 


28480 
29489 
28480 
284680 
28490 


28480 
28480 
26480 
23480 
28480 


28480 
28480 
84411 
23489 
28480 


28480 
28480 
56289 
56289 
28480 


28480 
28480 
28480 
28480 
28480 


28480 
29480 
28480 
28480 
28480 
28480 

28480 
28480 
72135 
28489 
28480 


52763 
23480 
28489 
28480 
29489 


See introduction to this section for ordering information 


MICS71K 


CB1025 
CB1I035 
CB3I325 
MP 4C1/B8<T0-G191-F 
C4°1/8-T0-B66R-F 


0693-3274 
2100-3252 
Chi01S 
CB2025 


1820-0216 
03325-26509 


2190-0913 
2200-0103 
2200-0143 


2260-0001 
ORDER BY DESCRIPTION 
3050-0105 
3050-0449 
3050-0604 


3050-0716 
7121-1234 


03325-66514 


150D685xX0006A2 
0160-3560 
0160-3847 


0160-4532 


150D156x9020R2 
15OD1IS6x9020h2 
0160-3847 
0160-3847 
0160-3847 


0160-4571 

0160-3847 
0160-3847 
0160-3466 
0160-4532 


9160-4571 
0160-0162 
0160-0162 
0140-3847 
0160-3847 


0160-4571 
0169-4571 
B63UW 

9160-0128 
0140-01298 


0160-5335 
0160-3847 
150D335x0015A2 
150D156x902082 
9160-4571 


0160-5335 
9160-5335 
0160-5306 
0160-5306 
0160-5306 


0169-4571 
0160-39847 
9160-3847 
0160-0145 
0160-2201 
0140-0217 
0160-3084 
0160-2306 
DMISF1IS1IOSOOWVICR 
0169-3847 
0160-3847 


304324 9/35PF N6S0 
0160-2250 
0160-3847 
0160-3847 
9160-4532 


*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference HP Part 
Designation Number 


A14C0116 9160-3847 
A14C117 0160-3847 
A14C0118 0180-1746 
AL4C119 0180-1746 
A14C121 0160-23847 


Description Mfr Part Number 


CAPACITOR-FXD .O1UF #109 3% SOVDC CER 28480 9169-3847 
CAPACITOR-FXD .01UF +106-0% SOVDC CEI 260480 0166-3847 
CAPACITOR-FAD 15UF4#-10% 20VDC TA S62eo 150D156x9020h2 
CAPACITOR-FXD 15UF+-10% 20VDC TA 56239 1S9D1I56X90 0082 
CAPACTTOR@FXD .,O1LF +103 9% SOVEC CE 28489 0160-3847 


Nyauavwvyv 


CAPACITOR-FAD ,O1UF 4100-0% SOVDC CER 28490 0140-3847 
CAPACITOR -FXD 1900PF #-10% 200VDC POLYE 26480 0169-0299 
CAPACITOR-FXD .O1UF +100 0% SovoC CER 28480 0160°3047 
CAPACTTOR-FXD .O1UF 4#100--0% SOVEC CER 28480 0169-3847 
CAPACTTOR-FXD ,O1UF +100-0% SOVDC CER 28460 0160 3847 


A140122 0160-3847 
4140124 0160-0299 
4140126 0160-3847 
A14C127 0160-3647 
A14C128 0160-3847 


CAPACITOR-FXD .O1UF 4109 -0% SOVDC CER 28480 0160-3847 
CAPACITOR-FXD APF +-,25PF SOOVDC CER 28490 0140 -2240 
CAPACITOR-F XD .O1UF +100-0% SIVDC CER 29489 0160 3847 
CAPACITOR-FXD .O1UF +#100-0% SOVDC CER 28480 0140-3847 
CAPACITOR-FXD S.1PF +-,25PF SO0OVRC CER 23480 9160-2250 


414C129 0160-3847 
A14C130 0160-2240 
€14C131 0160-3847 
A14C132 0160-3847 
A14E133 0169-2259 


CAPACITOR -FXD .O1UF +100-0% SOVDC CER 26400 0160°3847 
CAPACITOR-FXD 2PF +-,25PF SOOVDC CER 203480 0169-2240 
CAPACITOR-FXD 1UF +80-20% SOVDC CER 29460 0160-3508 
CAPACITOR -FXD ,1UF +#80-20% SOVDC CER 28480 0160-4571 
CAPACITOR-FXD .1UF +80-20% SOVDC CER 28480 0160 4571 


A140134 0160~3847 
A14C135 0160-2240 
4140136 0160-3508 
4140137 0160-4571 
€14C138 0160-4571 


CAPACITOR-FXD .O1UF 4100-0% SOVDC CER 28489 0160-3847 
CAPACITOR-FXD .1UF +80-20% SOVDC CER 28480 0160-4571 
CAPACITOR -FAD 3900PF 4#-10% 203YDC POLYE 20480 0169-0156 
CAPACTTOR-FXD .OLQUF +-10% 200VDC POLYE 29400 0160-0301 
CAPACITOR-FXD .I22QUF +-3% 200VDC POLY 23480 0169-2414 


A14C139 0160-3847 
A14C141 0160-4571 
A140142 0160-0156 
A140143 0160-0301 
A140144 0160-2414 


PruNDY DWSvVsv evvwrew WyvvV 


CAPACITOR-FXD .01UF +100-0% SOVDC CER 26480 0160-3847 
CAPACITOR’ FXD 100PF +-10% 1KYDC CER 23480 0169-3466 
CAPACITOR-FXD .OLUF +100 -0% SOVDC CER 28480 01640-3847 
CAPACITOR-FXD ,O1UF +100-0% SOVDC CER 28480 9169-3847 
CAPACITOR-FXD .OLUF +100-0% SOVDC CER 26480 0140-3847 


A14C203 0160-3847 
A14C205 0160-3466 
A14C208 0160-3847 
A14C209 0169 -3847 
4140211 0160-3847 


CAPACITGR-FXD ,O1UF +199-0% SOVDC CER 28489 9160-3847 
CAPACITOR-FXO 1000PF +-20% SOVDC CER 28480 0160-4532 
CAPACITOR -FXD 1000PF #-20% SOVDC CER 20489 0140-4532 
CAPACITOR-Y TRMR-AIR 1.3-5,4PF 175 74970 187-0103-028 
CAPACITOR-FXD .1UF #80-20% SIVDC CER 28480 0160-4571 


A140212 9160-3847 
A14C€213 0160-4532 
4140214 9160-4532 
A14C217 0121-0452 
4140218 0160-4571 


Deeews LCwuvov 


CAPACITOR-FXD 15UF+-10% 20VDC TA 54209 1S0D1S6xX9000B2 
CAPACITOR@FXD .1UF +80-20% SOVDC CER 28480 9160-4571 
CAPACTTOR-FXD .01UF +160-0% SOVDC CER 28480 0160: 3847 
CAPACITOR -FXD 5,1PF #-,.25PF SOOVDC CER 28489 6160-2250 
CAPACITOR-FXD .OLUF +190-0% SOVDC CER 28480 0160-3847 


A14C219 0180-1746 
4140220 0169-4571 
A14C221 0160-3847 
A14C0222 9160-225 
A1l4C223 0160-3847 


CAPACITOR-FXD .01UF +100-90% SOVDC CER 28480 9160-3847 
CAPACITOR-FXD .O1UF +100-0% SOVDC CER 28480 0160-3847 
CAPACITOR-FXD 2@PF #-,25PF SOOVDC CER 2e4B0 0160-2240 
CAPACITOR-FXD ,O1UF 4+100-0% SOVDC CER 28480 0160-3847 
CAPACITOR-FXD .01UF #100-0% SOVDC CER 28490 0160-3847 


A14C224 9160-3847 
A14C225 0160-3847 
A1L4C226 9160-2240 
A14C227 0160-3847 
4140228 0160-3847 


CAPACITOR-FXD ,O1UF +100-0% Sovpdc CER 28480 0160-3847 
CAPACITOR-FXD .O1UF 4100-0% SOVDC CER 23480 9160-3847 
CAPACITOR-FXD 15UF+-10% 20VDC TA 56289 150D156x7020h2 
CAPACITOR-FXD .1UF +89-209% SOVDC CER 28480 0160-4571 
CAPACITOR-FXD 3.3UF+-20% 15VDC TA 56209 150D335X001542 


A140229 0160-3847 
A14C230 0160-3847 
4140231 0180-1746 
A14C0232 0160-4571 
A14C233 0180-0210 


CAPACITOR-FXD .O1UF 4100°0% SOVDC CER 28480 0160 -3847 
CAPACITOR-FXD .Q1UF +160-0% SOVDC CER 28490 0160-3847 
CAPACITOR-FXD 100PF +#-10% 1KVDC CER 23480 9160-3466 
CAPACITOR-FXD .O1UF +90-20% 100VDC CER 28490 0160-2055 
CAPACITOR-FXD .1UF +80-20% SOVDC CER 28480 0160-4571 


A14C234 0169-3847 
A14C235 0160-3847 
A14C236 9160-3466 
A14C238 0160-2055 
A14C239 0160-4571 


CAPACITOR-FXD 100PF +-10% 1KYDC CER 23400 0160-3466 
CAPACITOR-FXD ,01UF #100°0% SOVDC CER 23489 9159 -3847 
CAPACITOR-FXD .O1UF +100-0% SOVDC CER 28480 01640-3847 
CAPACITOR-FXD 15UF+#-13% 20VDC TA 56289 150D156x9702082 
CAPACITOR-FXD 15UF+-10% 20VDC TA 56289 1SOD1IS6xP020b2 


A14C240 0160-3466 
A14C241 0160-3847 
A14C242 0160-3847 
A140245 0180-1746 
A14C246 0180-1746 


auvoo avarvyv erouwvd wvbvw wowaouw 


CAPACITOR-FXD .1UF +89-20% SOVDC CER 28480 9160-4571 
CAPACITOR-FXD .1UF +980-20% SOVDC CER 28480 0160-4571 
CAPACITOR-FXD ,1UF +80-20% SOVDC CER 28480 0160-4571 
CAPACITOR-FXD 15UF+-10% 20VDC TA 56289 150D156x9020R2 
CAPACITOR-FXD .1UF +80-20% SOVDC CER 28480 0160-4571 


A14C260 0160-4571 
AL4C261 0160-4571 
A14C262 9160-4571 
A14C€263 0180-1746 
A14C264 0160-4571 


DADaDaoa 


DIODE-ZNR 5.11V 5% DO-35 PD=.4W 28480 1902-0041 
DIODE-SWITCHING 30V SOMA 2NS DO-35 26480 1901-0040 
DIODE-SWITCHING 30¥ SOMA 2NS DO-35 29490 1901-0040 
DIODE-SWITCHING 89Y 200MA 2NS DO-35 26489 1701-0050 
DIODE-ZNR 51.14 5% DO-35 PD=.4W 28480 1962-3345 


AL4CR1 1902-0041 
A14CR2 1701-0040 
A1L4CR3 1901-0040 
A14CR4 19791-0050 
ALACRS 1902-3345 


Nae. 


DIODE -SWITCHING 80V 200MA 2NS DO-35 284890 1701-0950 
DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 1901-0050 
DIODE-SWITCHING 39V SOMA 2NS DO-35 28480 1901-0040 
DIODE-SWITCHING 30V¥ SOMA 2NS DO-35S 28480 1901-0040 
DIODE-SWITCHING 304 SOMA 2NS DO-35 28480 1901-0940 


ALACRO 1901-0050 
A14CR7 1901-0050 
A14CR76 1901-0040 
€14CR101 1901-0040 
A14CR102 1901-0040 


et eo 


See introduction to this section for ordering information 
*Indicates factory selected value 


Replaceable Parts Replaceable Parts 


a] Table 6-3. Replaceable Parts 


Reference 


: . Description Mfr Part Number 
Designation 
AL4SCR103 1901-0049 1 DIODE-SWITCHING 39Y SOMA 28480 1901-0040 
ALACR104 1901-0040 x DIODE-SWITCHING 30V SOMA 28480 1901-0040 
AL4CR106 1991-0040 1 DIODE SWITCHING 30 SOMA 28480 1991-0040 
ALACRIO7 1901-0040 1 DIODE-SWITCHING 30V SOMA 9 284580 1901-0040 
AL4CR108 1901-0535 9 DIODE-SM SIG SCHOTTKY 28480 1991-0535 
AL4CR109 1901-0535 9 DIODE-SM SIG SCHOTTKY 28480 1901-0535 
A14CR110 1991-0040 1 DIQDE-SWITCHING 39V SOMA @NS DO-35 28480 1901-0040 
ALACRI11 1961-0040 1 DIODE-SWITCHING 30¥ SOMA 2NS DO-35 26480 1901-0040 
A14CR205 1902-0631 8 DIODE-ZNR 1NS351B 14V 5% PD=SW TC=+75% 04713 INS351K% 
ALACR208 1901-0046 1 DIODE-SWITCHING 30V SOMA @NS DO-35 28480 1901-0040 
ALACR2A09 1901-0040 1 DIODE-SWITCHING 30¥ SOMA @NS DO-35 28480 1901-00490 
ALACR210 1901-0040 1 DIODE-SWITCHING 30V SOMA 2NS DO-35 29480 1901-0040 
AL14CR211 1901-0050 3 DIODE SWITCHING 80V 200MA 2NS DO-35 28480 1901-0050 
ALACRE12 1901-0050 3 DIODE-SWITCHING 80V 200MA ANS DO-35 28480 1901-0050 
AL4CR213 1902-3149 9 DIODE-ZNR 9,09V 35% DO-35 PD=,4W 28480 1902-3149 
AL4CR214 1962-3030 7 DIODE-ZNR 3,01 5% DO-7 PD=.4W TC=-.067% 28480 1902-3030 
A14CR215 1902-0631 8 DIODE -ZNR 1NS3518 14V 3% PD=5W TC=+75% 04713 INS3518 
ALACRA17 1901-0040 1 DIODE-SWITCHING 30V SOMA 2@NS DO-35 28480 1901-0040 
AL4CR219 1901-0040 1 DIODE -SWITCHING 30 SOMA 2NS DO-35 28480 1901-0040 
ALACRE20 1901-0040 1 DIODE SWITCHING 30V SOMA 2NS DO-35 28480 1901-0040 
ALACRA2 1901-0040 1 DIODE-SWITCHING 30Y SOMA 2NS DO-35 28480 1901-0040 
ALACR22 1901-0535 9 DIODE-SM SIG SCHOTTKY 28480 1901-0535 
AL4ACRA22 1901-05835 9 DIODE--SM SIG SCHOTTKY 28480 1991-0535 
ALACRA24 1901-0535 9 DIODE-SM SIG SCHOTTKY 28400 1901-0535 
AL4CRE25 1901-0535 i) DIODE. GM SIG SCHOTTKY 28480 1901-0535 
AL4F1 2110-0343 1 FUSE .25A 125V NTD .261X.093 28480 2110° 0343 
AL14F2 21190-0343 1 FUSE .25A 125 NTD .281X.093 28480 2110-0343 
ALAFS 2110-0343 1 .25A 125 NTD .291X.093 26480 2110-0343 
ALAF4 2110-9301 1 125A 125 .281X,093 28480 2110-0301 
A14Jsi 8159-0005 0 RESISTOR--ZERO OHMS 22 AWG LEAD DIA 28480 8159-0005 
AL4I2 1251-2969 8 CONNECTOR -PHONG SINGLE PHONO JACK; 28480 1251-2969 
A14I4 1251-2969 8 CONNECTOR-PHONO SINGLE PHONO JACK; 28490 12 ~2969 
A14I5 251-2969 8 CONNECTOR:PHONQ SINGLE PHONO JACK; 28480 1251-2969 
AL4I6 1251-6567 0 CONNECTOR 2@1-PIN M POST TYPE 26480 1251-6567 
A14I9 1251-2969 3) CONNECTOR~PHONO SINGLE PHONO JACK; 28480 1251-2969 
A14312 1251-2969 8 CONNECTOR-PHONO SINGLE PHONO JACK; 28490 1251-2969 
AL4I513 1251-2969 8 CONNECTOR-PHONO SINGLE PHONO JACK; 280480 1251-2969 
AL4I14 1251-2969 8 CONNECTOR=PHONO SINGLE PHONO JACK; 23480 1251-2969 
A14s23 1251-2969 8 CONNECTOR-PHONO SINGLE PHONO JACK; 283480 BS1-2969 
AL4I24 L251-2969 8 CONNECTOR-PHONO SINGLE PHONO JACK; 29480 1251-2969 
A14725 1251-2969 8 CONNECTOR~PHONO SINGLE PHONO TACK; 234890 1251-2969 
A14I330 1251-5064 0 CONNECTOR 14-PIN M POST TYPE 28480 1251-5064 
A14531 1258-0141 8 JUMPER- REM 28480 1258-0141 
A141..26 9100-1791 1. INDUCTOR 290NH 20% ,23DX.375L6 28490 9100-1791 
ALA4L27 9100-1791 i! INDUCTOR 290NH 20% .23DX.375LG 28480 9100-1791 
ALAL76 9100"1791 1 INDUCTOR 290NH 20% .23DX.375L6 20480 9100-1791 
A14L77 910081791 1 INDUCTOR 290NH 20% ,23DX,375LG 20489 9100-1791 
A1L4L78 9100-1791 ii INDUCTOR 290NH 20% .23DX.375L6 20480 9100-1791 
AL4AL79 9100-1791 1 INDUCTOR 299NH 29% ,23DX,375L6 284389 9100-1791 
€14L80 9100-0539 3 INDUCTOR (MISC ITEM) 28480 91000539 
ALSLADL 7140-0456 oe INDUCTOR RF-CH-MLD 470NH ra 28480 9140-0456 
4141102 9140-0456 7 INDUCTOR RF-CH-MLD 470NKH 38° 20460 9140-0456 
AL4103 9100-2486 3 INDUCTOR RF-CH- MLD S3ONH 28480 9100-2486 
A141.104 9100-16422 7: INDUCTOR RF-CH-MLD 24UH S% .166DX,39% 28480 9100-1622 
A14L105 91900-1628 3 INDUCTOR RF-CH-MLD 43UH S% .166DX, 385.6 20480 9100-1628 
Al 4201 9100-1791 1 INDUCTOR 290NH 26% .23DX. 3756 28460 9100-1791 
AL4L.203 9170-0894 0 CORE GHIELDING BEAD é8480 9170-0594 
AL4AL204 9170-0894 0 CORE-SHIELDING BRAD 28480 9170-0894 
AL4Q1 1855-0092 TRANSISTOR ot at -4 $I 26480 1855-0092 
41402 1955-0406 TRANSISTOR J~FET 32293 1T110 
41403 1654-0692 b TRANSISTOR f 215 04713 MIE223 
A1404 1855-0406 TRANSISTOR J- “CHAN D-MODE SI BASS TT110 
A14a2e5 18055-0410 TRANSISTOR T~ ~CHAN D-MODE TO-18 ST EB480 1955-0410 
A14Q26 TRANSISTOR ae =S00MW FT=150MHZ 28480 1953-0020 
AL4Q27 1 2 TRANSTSTOR PS O92 PDS=o25MW 28489 1653-0966 
A14Q28 £ 215 TRANSISTOR SI PD=350MW FT=300MHZ 04713 eNSS04 
414040 1GS8- 2 bw TRANSISTOR ARRAY 14-PIN PLOTC DIP SLEGS CAI10ZE 
A14Q50 TRANSTSTOR ARRAY 16-PIN PLSTC DIP 13406 ULN-20034 
A14Q76 i o 4 TRANSTSTOR NPN ST PB=360MW FT=75MiZ 28480 
4148101 2 (4 TRANSISTOR NPN SI TO-92 PD=625MW C4A713 
AL4QLI2 1 TRANSISTGR PNP SI PD=300MW FT=850MHZ 04713 
4140103 953-0089 o TRANSISTOR PNP 2N4917 ST PD=200MW Q7 263 AN4aP17 
4149104 1854-9404 1 TRANSISTOR NPN SI TO-18 PD=360mMW 28480 1054-0404 
4144105 1854~ os TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 ENSSC4 
A14Q106 1054- i TRANSISTOR NPN SI DARL PD=310MW 04713 MPS AL2 
A14Q107 (854-0215 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 ONS9O4 
AL4Q108 1853-0083 TRANSISTOR: DUAL PNP PD=600MW 20489 1853-0083 
& AL4Q109 1953-0083 TRANSISTOR-DUAL PNP PD=400MW 25480 1853-0083 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts 


Reference 
Designation 


A14Q112 
A14Q113 
A14Q114 
A14Q116 
A14Q117 


€148118 
A14Q119 
4149201 
4140203 
4149204 


A14G206 
A14Q207 
A14Q208 
A14Q209 
4149219 


A140211 
A14Q212 
414213 
A14Q214 
A14Q215 


A140216 
4149219 


A14R3 
AL4R4 
AL4SRS 
ALARS 
AL4R7 


A1L4R8 
A1L4RP 
A1l4R11 
AL4R26 
ALAR27 


AL4R2B 
A1A4R29 
A14R31 
A14R32 
AL4R33 


A1L4R34 
AL4R36 
A14R37 
A14R38 
ALAR39 


A14R40 
ALAR4L 
M1L4AR42 
A1L4R43 
AL4R44 


AL4R45 
AL4R46 
ALAR47 
A14R48 
ALAR4D 


A14R50 
A14R51 

A14R52 
ALARSS 
AL4RS4 


AL4ARSS 
A1L4R56 
A1LARS7 
A14R58 
A14R60 


AL4R61 
A1L4R62 
AL4R6S 
A14R64 
A14R65 


A14R67 
ALAREB 
Al 4R69 
A14R76 
ALAR77 


AL4AR7B 

ALAROO1 
A14R100 
AL4SR101 
A14R192 


6-18 


1854-9314 
1854-0560 
1854-9215 
1853-0066 
1853-0066 


1855-0081 
1854-0560 
1854-0215 
1854-0233 
1854-0795 


1854-0215 
1954-0233 
1854-9215 
1853-0440 
1854-0357 


1853-0448 
16053-0036 
1853-0440 
1853-0020 
1854-0215 


1654-0784 
1853-0440 


0698-3185 
0757-0439 
0683-2225 
2100-3253 
9690-4817 


0698-7850 
0757-0410 
0757-0410 
0683-2225 
0683~2225 


0683-2225 
0683-2225 
0683-1935 
0683-1035 
06031025 


0683-5535 
0683-2235 
0683-2225 
0757-0289 
0757-0442 


2100-3214 
0757-0289 
0699-9124 
0757-0442 
9757-0441 


0683-4705 
0683-1025 
0683-2265 
0603 -4725 
0757-0438 


0683-2205 
0757-0279 
0757 -0438 
0698-6347 
0698-6936 


0757-0286 
0757-0449 
0699-0121 
0699 J1z2 
0683-1015 


0683-10205 
0683-1015 
0683-1025 
0683-1025 
9683-1915 


0683-1025 
0683-1025 
0683-1015 
0603-1035 
0683-2225 


3683-1025 
0683-2215 
9683-2225 
0683-2225 
0683-4705 
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Table 6-3. Replaceable Parts 


Description 


TRANSISTOR NPN 
TRANSISTOR NPN 
TRANSISTOR NPN 
TRANSISTOR PNP 
TRANSISTOR PNP 


TRANSISTOR J-F 
TRANSISTOR NPN 
TRANSISTOR NPN 
TRANSISTOR NPN 
TRANSISTOR NPN 


TRANSISTOR NPN 
TRANSISTOR NPN 
TRANSISTOR NPN 
TRANSISTOR PNP 
TRANSTSTOR -~DUA 


TRANSISTOR PNP 
TRANSISTOR PNP 
TRANSISTOR PNP 
TRANSISTOR PNP 
TRANSISTOR NPN 


TRANSISTOR NPN 
TRANSISTOR PNP 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


464K 
6,81K 
2.2K 
TRMR 
SAK 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


9.455 
301 1 


2.2 


2.2K 


RESISTOR 2.2K 
RESISTOR 2.2K 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


2.ak 


13.2K 


TRMR 
13.3K 
10.2K 


RESISTOR 
RESTSTOR 
RESISTOR 
RESISTOR 
RESISTOR 8.25K 


47 3% 
1K 3% 


RESTSTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


4.7K 
S.11K 


RESISTOR 2.2K 
RESISTOR 3.16K 
RESISTOR S.11K 
RESISTOR 1.5% 
RESISTOR 156K 


1K 1% 
20K 1 
2.05 
4, 8K 

100 5 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESTSTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 10K & 
RESISTOR 2.2 


RESISTOR 1K S% 
RESISTOR 220 5 
RESISTOR 2.2K 
RESISTOR 
RESISTOR 


301 1% 


10K 1% 


10K 1% 


2aM S% .25u FC 


SI PD=310MW FT=200MHZ 
SI DARL PD=310MW 
SI PD=350MW FT=300MHZ 
SI TO-92 PD=625MW 
SI TO-92 PD=625mW 


ET N-CHAN D-MODE SI 

SI DARL PD=310MW 

SI PD=350MW FT=300MHZ 
2N3866 SI TO’39 PD=1W 
SI TO-92 PD=625MW 


SI PD=350mW FT=30 0MHZ 
2N3866 SI TO-39 PD=1W 

SI PD=350MW FT=300MHZ 

SI TO-39 PD=SW FT=506MHZ 
L NPN PD=369MW 


ST TO-92 PD=625MW 

SI PD=319MW FT=250MHZ 

SI TO-39 PD=SW FT=S00MHZ 
SI PD=300MW FT=159MHZ 

SI PD=350MW FT=3C0MHZ 


2N3866A SI TO-39 PD=SwW 
Sit TO-39 PD=SW FT=S00MHZ 


1% .125W F TC# 
1% .125W FT 4-100 
5% .25W FC T ~4907+700 
SOK 10% C TOP-ADJ 1-TRN 

1% ,25W F TC=04+-100 


+109 


« 41% .185W F TC=04-25 
% .125W F TC=04-100 
(1250 F TO=0+-100 
.25W FC T 400/+700 
-25W FC TC=-400/7+700 


.e5W FCT 
,e5W FC T 


400/+700 

400/7+700 
“400/700 
~400/+700 
eS 400/+699 


a 400/4806 

=~4097+800 
5% .25W FC TC=-400/7+700 
1% .125W F TC=04-100 
.125W F TC=0+-100 


100K 10% C TOP-ADTJ 1-TRN 
1% .125W F TC=0+~-100 
(1% .125W F TC=0+-25 
125W F TC=0+-100 

1% .125W F TC=04-100 
25M FC TC=-4007+500 
.e5W FC TC=-40074600 
TC= 900741200 
5% .25W FC T 4097790 
1% .125W F TC=0+-100 


3% .25W FC 1C= 
1% .125W F TC +100 
(%Z .123W F TC=94-100 

11% .125W F TC=0+-25 

19% .125W F TC=04+-5 


409/4709 


-125W F TO=0+-100 
% (GSW F 10-04-1000 

1% 1254 F TC=0+~-1006 
1% .125W F T0=0+-25 
% ,25W FC TC=-40074+500 


.cowW FC TC= 4000/4600 

25 FO TC=-400/4506 
: FC TC=-400/4600 

.e5W FC TC=-4007+600 

.25W FO TC=-40971500 


,25W FC TC=-4007+606 
.25W FC T= 40974600 
.e5u FO TC=-4007+500 
% .chW FO TC=-400/4700 
Sk .25W FC TC=-400/4706 


.23W FC TC= 40071609 
% ,25W FC TO=-400/7+400 
5% .25W FC 1C=-400/+708 
5% ,eSW FC To=-400/+706 
.25W FO TO= -409/7+500 


28480 
04713 
04713 
29480 
28489 


28480 
04713 
04713 
3LS85 
04713 


04713 
SLS8S 
04713 
64713 
€8480 


04713 
28480 
04713 
28480 
04713 


04713 
04713 


24546 
24546 
o1121 
28480 
2B4B0 


19701 
24546 
24S 4G 
O1121 
o11al 


aida. 
01121 
o1d24 
O11ar 
o1121 


Q112t 
01121 
o112 

19701 
Q4546 


28480 
19701 
28480 
PAS 46 
24546 


01121 
0112 

01121 
01121 
24546 


91121 


a1121 
Q112 

avieadr 
O1121 
o11e1 


01121 
91121 
61121 
91121 
01101 


91121 
01121 
a1121 
Q1lat 
O11ea1 


See introduction to this section for ordering information 


*Indicates factory selec 


ted value 


Replaceable Parts 


Mfr Part Number 


1654-0314 
MPS Al2 
2NS904 
1853-0066 
1653-0066 


1855-0091 
MPS A1l2 
2N3904 
2N3ZBE6 
MPSH10 


2N3904 
2N3866 
2N3704 
“M4018 
1854-9357 


MPSHO1 
1853-0036 
MM4019 
1853-002 


2NSSO4 


2N3BG68 
MM4018 


C4 1/86 T04641 -F 
C41/8°T0- 691 1-F 


Ck2225 
21003253 
9678-4817 


MF 4C1/8- T9-9455R-B 
C4-1/8-T9-301R-F 
C4°1/8-T0-30 1R-F 


C2225 


Che225 


Chee25 
Che2a 

CB1I9SS 
CRLO35 


CG as 
MF4C1/8~T0 


“13% 


C4-1/8°TO- 16028 


2100-2214 
MF 401/8~T0 
9679-0124 


1332-F 


C4-1/8-T0-1002-F 
C4 -1/8-T0-B251-F 


CH4705 
CHIL 


CR4725 


C4~1/8-T0-St11-F 


Che 22S 

C4 1/8-To 
C4 -1/8-T0 
BE9O 6347 
0678-6936 


C4-1/8-TO-1061-F 
C4-1/8-T0-2002-F 


0699-0121 
0699-0122 
CHAOS 


Chives 
CBlO1S 
CR102S 
ch10es 
CR1015 


CHGS 
CBL0eS 
cti01s 
CB103S 
Che225 


1025 


2945 


CB4795 


Replaceable Parts Replaceable Parts 


* Table 6-3. Replaceable Parts 

Reference Description Mfr Part Number 
Designation 
AL4SR103 ‘S702 4 RESISTOR 3. 0 12 24546 C4-1/8-T0--3001 °F 
AL4R104 i 6 RESISTOR i S 24546 C4.-1/78-T0-2001-F 
AL4R LIS O7E7 4 RESISTOR 75 1% L24ASAG C4°1/8-T9-75R0 -F 
ALARLO6 G683-1515 ie RESISTOR 70 5% .25W FC TC 6 01121 ChiS1is 
AL4R107 Ors? -0409 9 RESISTOR 90.2 1% .125W F TC=0+4+-105 24546 C4°1/B-T0-9IRP-F 
A14h108 2 RESISTOR 1,.65K 1% .125W F TC=0+-100 BAG AG C4 1/8-TO 16519 F 
ALARLI? 3 RESISTOR 759 1% .125W F TC=0+-100 2ASAG C4-1/8-T0-751 -F 
AL14R110 3 RESISTOR 2.2K 5% .25W FC T 400/+700 01121 CBQ225 
ALAR TTA 3 RESISTOR 2,.2ek & .25W FC TO=-409074700 0112 CB i 
Al4R112 2 RESISTOR 75 5% .25W FO TC 40074500 g11e21 CE7505 
ALAR IAS 3 RESISTOR 1K 1% ,128W F TC=0+-100 243546 C4°1/8-T0-1001-F 
AL4R114 3 RESISTOR S60 .1% Le Fe 25 0386s PMESS-1/0° T9-S0OR-B 
AL4R116 3 RESISTOR 500 .1% .125W F “BS $3888 PMESS -1/8-T? -5 
AL4R117 0698-4123 5 RESISTOR 499 1% .125W F TC=0+-10 24AS46 C4-1/8-TO°499 
AL4R116 9698-4123 3 RESISTOR 499 1% .125W F TC=0+-100 24ASAG C4-1/8-T0-497R 
AL14R119 0698-4435 2 RESISTOR ‘ 2 BASAG C4°1/8-T0-2491-F 
AL4AR1T2AL 0663-2225 3 RESISTOR ‘ eu 01121 Ck2225 
AL4R122 0698-63640 6 RESISTOR es hie 23480 0698 6360 
AL4R 123 0698 6320 8 RESISTOR & at »12EW PF TCs04+-25 N36E8 PMESS -1/8-1T9-5001~B 
ALAR124 0698-6320 8 RESISTOR (125W F TC=0+-25 038388 PMESS-1/8-T9--S5001-B 
AL4R126 06986320 8 RESISTOR & 614 .125W F TC=04-25 03868 PMESS1/8-T9 S001-k 
ALAR127 0698-6360 6 RESISTOR C .1% .125W F T 29480 0698-6360 
A14AR1LEB 0698-6521 9 RESISTOR 2 Sag /128W FT +25 038E8 PRESS~1/8-T9-9901-K8 
ALARI29 0698-3279 0 RESISTOR % .125W F TC=O0+-100 24546 C4°1/8-T0-4991-F 
AL4SR1SO 2100-3212 8 RESISTOR-TRMR 200 10% C TOP-ADI 1-TRIN 23489 2190-3212 
AL4R1S1 0757-0279 0 RESISTOR 3.16K 1% ,125W F TC=04+~-100 OAS 4S C4°1/8-T0-3161-F 
AL4SR132 0698-3179 9: RESISTOR 2,.55K 1% ,125W F TC=04~-100 24546 C4-1/8-T0-2551 
A14R133 0683-4705 8 ISTOR 47 5% .25W FC TC=-400/7+500 012d CLh4705 
A14R134 0757 0438 3 STGR S.11K 1% .,1eSW F TO=04+-100 24546 C4°1/8-T9-5111-F 
AL4AR136 0698-3557 7 RESISTOR 806 1% ,125W F TC=0+-100 24546 C4- 1/8-TO0-806R-F 
A14R137 0757-0416 7 RESISTOR 125 2ASAG C4-1/8- T0511 RF 
A14R138 0757-0280 3 3 24546 C4-1/8-T0-1001-F 
AL4SR139 0757-0280 3 24546 C4-1/8--T9-1001 -F 
ALARIAL 0698-4453 4 ESISTOR 402 1% .12@5W F TC=0+-100 24546 C4 1/8-T0-402R-F 
A14R142 2109-3409 5 RESISTGR=TRMR 29 10% C TOP-ADT 1-TRIN 28480 2100-3409 
A1L14R143 0698-4037 0 RESISTOR 46.4 1% ,125W F TC=04+-100 24S 46 C4 1/8-TO0-4GR4-F 

i) ALAR144 0598-3279 0 RESISTOR 4,.99K 1% ,125W F TC=0+-100 24546 C4 °1/8T0-4991-F 
A14R145 0683-4705 8 RESISTOR 47 5% .25W FC TC=-400/+500 01121 Ch4705 
A14R146 0698-3279 Q RESISTOR 4,99K 1% .125W F TC=04-100 24546 C4°1/8-T0-4991-F 
ALAR147 0757-0442 4d RESISTOR 10K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-1002-F 


A14R148 96978-6619 
ALAR149 0698-6360 
AL4R151 0698 -B8607 
AL4ARIS2 0699-0122 
ALAR 133 1683-1035 


RESISTOR 15K .1% .125W F TC=0+-25 23480 9698-6619 
RESISTOR 10K .1% .125W F TC=0+-25 26400 0693-6360 
RESISTOR 4.5K .1% .125W F TC a 28480 0698-8607 
RESISTOR 6.75K .1% .125W F TC=0+-25 28480 0699-0123 
RESISTOR 10K S% .25W FC TC=-400/7+700 01121 CB1035 


Hwaors 


A14R154 9683-4705 RESISTOR 47 5% .25W FC TC=-400/7+500 Q1121 CB4705 
ALAR ISG 0603-1035 RESISTOR 10K 3% .25W FC TC=-400/7+700 01121 CH1935 
AI4ARIS7 0683-4705 RESISTOR 47 S% .25W FC TC#~400/+500 O1121 Ch4705 
AL4SR 158 0757-0449 RESISTOR 20K 1% .125W F TC=0+-100 24546 C4-1/B~T0-2002-F 
A14R159 0757-0449 RESISTOR 20K 1% .125W F TC=0+-100 24546 C4~-1/8-T9~-2002-F 


AL4R160 0683-1055 j RESISTOR 1M 5% .2SW FC 1C=-800/7+900 01121 CROSS 

ALAR161 0757-0273 RESISTOR 3,01K 1% .125W F TC=0+-100 24546 C4-1/8-T0-3011-F 
AL4R162 0698-4475 RESISTOR 9.76K 1% .125W F TC=0+-100 03868 PMESS~1/8-T0-9761-F 
ALAR163 0683-3935 RESISTOR 39K S% .25W FC TC=-400/+900 O112a1 CES93S 

AL4R164 9698-4362 2 RESISTOR 52.3 1% .125W F TC=0+4-109 24546 C4 -°1/8-T0-S2rR3-F 


AL4R166 0757~0401 
A14R168 0683-6815 
ALAR169 0693-1015 
A1L4R208 9757 0438 
ALAR209 0757-0438 


RESISTOR 100 1% .125W F 1 5 24546 C4--1/8-T0-101-F 
RESISTOR 680 5% .25wW FC 91121 Ch6B1S 
RESISTOR 100 5% .25W FC TC=-400/4+500 Q11e1 CE1015 
RESISTOR S.41K 1% .125W F TC=04+~100 2AS46 C4-1/8-T0-5111-F 
RESISTOR 5.11K 1% .125W F TC=0+~-100 24546 C4-1/8-T0-5111-F 


WGQanuc 


AL4R211 0683-4735 
AL4R212 0683-1025 
AL4R214 0683-1025 
AL4R215 9683-1035 
AL4R2Z16 0683-2235 


RESISTOR 47K 5% .25W FC TC=-400/4+800 91121 CB4735 
RESISTOR 1K S% .25W FC TC=-400/+600 git CEL025 
RESISTOR 1K 5% .25W FC TC=--4007+600 O1121 Ch1i025 
RESISTOR 10K 5% .25W FC TC=-400/+700 01121 CHL035 
RESISTOR 22k S% .25W FC TC=-400/+800 01121 CB2235 


ue ON > 


A1L4R217 0683-2235 
AL4R2A1B 0683-2205 
A14R220 0757-0401 
AL4R221 0698-6320 
AL4RA22 0693-4705 


RESISTOR 22 5% .25W FC TC=-400/4+800 01121 CHA235 

RESISTOR 22 5% .25W FC T 400/7+500 91121 CB2205 

RESISTOR 100 1% .125W F TC=0+-160 24546 C4-1/8-T0-101-F 
RESISTOR SK .1% .125W F TC=04+-25 03888 PMESS~1/8~-T9 -5001-R 
RESISTOR 47 5% .25W FC TC=~400/+500 01121 CE4705 


gQeowu 


ALAR 223 0683-4705 
AL4R224 0757-0276 
AL4R226 9757-0437 
AL 4R228 0757-0405 
ALAR B29 9683-2205 


RESISTOR 47 S% .25W FC TC=-400/7+500 01121 Ck4705 
RESISTOR 61.9 1% .125W F TC=0+-100 24546 C4~-1/8-T0-6192-F 
RESISTOR 4.75K 1% .125W F TC=0+-100 24546 C4-1/8-T0-4751-F 
RESISTOR 162 1% ,125W F TC=0+-100 24546 C4--1/8-TO-162R-F 
RESISTOR 22 3% .25W FC TC=-400/+500 o1iat Ck2205 


wPyNG| 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference HP Part 


Designation | Number Description Mfr Part Number 


AL4R231 9757-0277 
AL4R232 0757-0317 


RESTSTGOR 49.9 1% .125W F TC=0+-100 24546 C4 1/8-T9-4992 -F 
RESISTOR 1.33 1% .125W F TC=0+-100 24546 C4--1/8-T0 1331-F 
AL4R233 0683-1295 RESISTOR 12 5% .25W FC TC=-40074500 01121 C1205 

AL4R234 0683-0395 RESISTOR 3.9 S% ,25W FC TC=-4007+500 O1ia1 CHI9GS 

A14R236 0757-0428 RESISTOR S.11K 1% .12EW F TC=04-109 24546 C4 1/8-T0-5111- 


ron bro 


A14R237 0757-04368 K S.11K 1% .125W F TC=0+-100 24546 C4 1/8-T0-S111 
ALAR238 9683-1045 . Pat R 190K SX .25W FC TC= -409/1899 o1121 CB194S 
A14R239 0693-4705 8 47 5% .25W FC TC=~400/4500 01421 Ch4A705 
AL4R241 0683-4795 RESTSTOR 47 5% .@8W FC TC=-400/+509 O1ted CB4705 
A14R242 0697-4701 RESISTOR 47 10% .SW CO TC=64+412 01121 EM4761 


AL4R243 0687-4701 
A1LA4AR244 0757-0465 
ALARA4AS 0683-2205 
AL4R245 0757-0280 
ALA4R247 9757-0465 


RESISTOR 47 10% .SW CC TC=0+412 O12. ER4701 
RESISTOR 100K 1% .1254¢ F TC=0+-160 24546 C4-1/8-T0-1063- 
RESISTOR 22 5% .2h °C TC=-40071500 01121 Cee205 
RESISTOR 1k 1% as * TC=O+r-100 BAS AG C4~-1/8-T6° 1001 
RESISTOR 100K 1% .125W F TC=9+-100 24546 C4°1/8-T9-1092 


Wer 


cd 


A14R248 0683-2205 
AL4R249 0683-0275 
A1 4R250 0757-0442 
AL4R251 0683-0275 
ALAR252 0699-0064 


RESISTOR .25W FC TC=-40074+500 01121 Chee0s 
RESISTOR 5% .25W FC TC=-400/4500 01121 CBE765 
RESISTOR 4 .125W F TC=0+-100 24546 C4 1/8-T0 -1002- 
RESISTOR 5% ,25W FC TC=-40074500 o1121 Ch2765 
RESISTOR . .SW OF TC=04-25 28480 9699-0064 


Nwwwv 


) 


RESISTOR % .SW CC TO0+412 91121 fB4701 

RESISTOR *% 1250 F T ; 24546 C41/8-TO-111-F 
RESISTOR -125W F TC 24546 C4-1/8-T9-1001-F 
RESISTOR 125W F TC cs BAD4E C4-1/8-T0-1001-F 
RESISTOR 2k .125W F TCs04-100 24546 C4~1/8-T0-2001-F 


ALAR 253 0687-4701 
AL4R254 0757-0402 
AL4R255 0757-0280 
AL4R256 0757-0280 
ALAR2S7 0757-0283 


edu 


RESISTOR 5% .25W FC TC=-400/+500 O1421 CHA205 
RESISTOR 125W F TC=04-100 24546 C41/8-T0-1092 - 
RESISTOR “SW CO TC=0+412 01121 EB4701 
RESISTOR .125W F TC=0+-100 24546 C4 °1/8-T0-1002 - 
RESISTOR ,25W FC TC=-4007+500 01121 084705 


A1L14R258 0683-2205 
A14R259 0757-0442 
A14R260 0697-4701 
A1L14R261 9757-0442 
A14R262 0693-4705 


GSCwunwsd 


RESISTOR 6.8 5% ,2@5W FC TC=~400/4+500 01121 CRO3GS 

RESISTOR 6.8 5% ,25W FC TC=~-400/4+500 O1iat 

RESISTOR 63.4 1% .125W F TC=0+-100 24546 “-F 
RESISTOR 324 1% .125W F TC=0+~100 24546 C4- 1/8-T0-324R~- 
RESISTOR 47 35% .@5W FC 10=-4007+509 01121 CR4705 


A14R263 0683-0685 
AlA4R264 0683-0685 
A14R265 0698-4388 
A1L4R266 0698-4450 
A1L4R268 0683-4705 


pu 


on 


RESISTOR 16 1% .125W F TC=04-100 24546 C4-1/8-TO-10R0~ 
RESISTOR 2,67K 1% ,12e25W F TC=04-100 24546 C4-1/8-T0-2571 -F 
RESISTOR 162 1% ,125W F TC=O0+-100 24546 C4.1/8-T0-162 
RESISTOR 22 5% .25W FC TC=-4007+500 dii2d CRL205 

RESISTOR 49.9 1% ,125W F TC=0+-100 24546 C4-1/8-T0--4992-F 


AL4R269 0757-0346 
A14R270 0698-3492 
AL4R271 0757-0405 
A14R272 0683-2205 
A14R273 0757-0277 


BQwrewvtr 


RESISTOR 1.33K 1% .125W F TC=04+-100 24546 C4-1/8-T0~1331-F 
RESISTOR-TRMR 20 10% C TOP-ADJ 1~TRN 23480 21003409 
ISTOR 3.9 5% .25W FC TC=-400/+500 Q1ie2d CR39G6S 
RESISTOR 12 5% .25W FC TC=-400/7+500 O11a1 CB1205 
RESISTOR 5.62K 1% .125W F TC=04+-109 BAS46 C4-1/8~T0-56e1-F 


ALAR274 9757-0317 
AL4AR275 2100-3409 
A14R276 0683-0395 
A14R277 0683-1205 
A14R278 0757-0200 


NNDON 


AL4TP18 1251-4822 CONNECTOR 3-PIN M POST TYPE 28480 1251-4822 


IC FF TTL LS D-TYPE POS -EDGE-TRIG COM 91295 SN741LS174N 
GATE TTL LS NAND QUAD 2 INP 81295 SN74L.S00N 
SWITCH ANLG 8-DIP-P PKG 01295 TLOOICP 
SWITCH ANLG 8-DIP-P PKG 01295 TL601CP 
GP AMP LOW-BIAS-H-IMPD TO-99 PKG 27014 LF3SSH 


A14U1 1820-1196 
Al 4u2 1820-1197 
A14U3 1826-0476 
A1LAU4 1826-0476 
A1l4U5 1826-0304 


oNNVG oe 


CNTR TTL LS BIN UP/DOWN SYNCHRO G12a95 SN74LS191N 
CNTR TTL LS DECD UP/DOWN SYNCHRO 01295 SN74LS1970N 
CNTR TTL LS DECD UP/DOWN SYNCHRO 01295 SN74LS190N 
CNTR TTL LS DECD UP/DOWN SYNCHRO 91295 SN74LS190N 
FF TTL LS J-K BAR POS-EDGE-~TRIG 01295 SN74LS109AN 


A14U6 1820-1278 
A14U7 1820-1279 
41 4U8 1820-1279 
A1l4U9 1820-1279 
A14U10 1820-1282 


FF TTL LS D-TYPE POS-EDGE-TRIG 31295 SN7A4LS74AN 
FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN 
MY TTL LS MONOSTEL RETRIG DUAL 91295 BN741.S123N 
FF TTL S D-TYPE POS-EDGE- TRIG 01295 SN?74S74N 
TRANSISTOR ARRAY 14-PIN PLSTC DIP SLOSS CAZN4G 


A14U11 1820-1112 
Al4uie 19820-1112 
414013 1820-1423 
AL4U14 1820-0693 
A14U15 1821-0091 


bOSDD Wetan 


IC OP AMP LOW-BIAS-H-IMPD TO-99 PKG 27014 LF 3SSH 
IC OP AMP LOW -BIAS-H-IMPD TO-99 PKG 27014 LF3SSH 
Ic oF AMP GP 8-DIP-P PKG 27014 LM310N 
Ic oP AMP GP B-DIP-P PKG 27014 LM316N 
IC SWITCH ANLG QUAD 16-DIP-C PKG 27014 LF13331D 


A1l4U16 1826-0304 
A14U17 1826-0304 
414U18 1826-0208 
A14U19 1826-9298 
A14U20 1826-0416 


Awwace 


Ic OP AMP GP B-DIP-P PKG 27014 LM310N 

Ic OP AMP GP 8-DIP~-P PKG 27014 LM310N 

IC SWITCH ANLG QUAD 14-DIP-C PKG 27014 LF13331D 
Ic OP AMP GP 8-DIP-P PKG 27014 LM310N 

IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN74LS273N 


A14U21 1826-0208 
A14U23 1626-0208 
€14U24 1826-0416 
A14u25 1826-0208 
A14U26 1820-1730 


IC DCDR TTL LS 3-TO-8-LINE 3-INP 01295 SN74LS138N 
IC FF TTL LS D-TYPE PGS-EDGE-TRIG CCM 91295 SN74LS174N 
IC FF TTL LS D-TYPE POS~EDGE-TRIG COM 01295 SN74LS273N 
IC DRVR TTL LS BUS DRYR HEX 1-INP 91295 SN74LS365AN 
Ic INV TTL LS HEX 1-INP 01295 SN74LS04N 


A14U27 1820-1216 
A14U28 1820-1196 
A14U29 1820-1730 
A14U30 1820-1641 
A14U31 1820-1199 


“~aoorow eraaoada 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference 


Designation Mfr Part Number 


Description 


A14U32 
AL4UZS 
A14U34 
A14U35 
A14U36 


1820-1442 
1920-0693 
1820-1112 
1820-0693 
1820-0694 


CNTR TTL LS DECD ASYNCHRO 

FF TTL S D-TYPE POS-EDGE-TRIG 

FF TTL LS D-TYPE POS~EDGE-TRIG 
FF TTL S D-TYPE POS-EDGE-TRIG 

GATE TTL S EXCL-OR QUAD 2-INP 


01295 
01295 
01295 
01295 
01295 


SN74LS290N 
SN74S74N 
SN74LS87 44N 
SN74S74N 
SN74SB86N 


wogon 


A14U37 
A14U38 
A14U39 
A14U40 
A14U41 
A14U42 
A14U44 
A14U45 
A14U47 
A1 4048 
A14U49 
A14U50 


1820-1202 
1826-0111 
1826-0879 
1858-0063 

1826-0111 

1826-0026 

1820-1112 
1820-1423 
1320-0321 
1920-1199 
1820-1730 
1858-0047 

0360-1716 
1200-9796 
1205-0011 
1205-0018 
1205-0033 


GATE TTL LS NAND TPL 3- INP 

GP AMP GP DUAL TO-99 PKG 
IC-LINEAR 
XSTR-ARRAY 14-PIN PLSTC DIP 
IC OP AMP GP DUAL TO-99 PKG 
IC COMPARATOR PRCN TO-99 PKG 
IC FF TTL LS D-TYPE POS~EDGE-TRIG 
IC MV TTL LS MONOSTBL RETRIG DUAL 61295 
IC COMPARATOR GP TO-99 PKG 91295 
IC INV TTL LS HEX 1~INP 01295 
IC FF TTL LS D<TYPE POS -EDGE-TRIG COM 91295 
XSTR-ARRAY 16-PIN PLSTC DIP 13606 
TERMINAL-STUD SGL-PIN PRESS-MTG 28480 
SOCKET-IC 8-CONT DIP DIP~SLDR 28480 
HEAT SINK TO-S/TO-39-CS 28480 
HEAT SINK TO-18-CS 28480 
HEAT SINK TO-S/TO-39-CS 28480 


01295 
SLEGS 
28480 
0192B 
3L585 
01295 
01295 


SN74LS10N 
CAL458T 
1826-0879 
CA3102E 
CA1458T 
LM311L 
SN74LS74AN 
SN74LS1223N 
$N72710L 
SN74L.S904N 
SN74LS273N 
ULN-2003A 
0350-1716 
1200-0796 
1205-0011 
1205-0018 
1205-0033 


SNSDHKASK$ VS DONATPNN 


1251-0600 
1460-1336 
7121-1234 


CONNECTOR-SGL CONT PIN 1,.14°MM-BSC-SZ SQ 
WIREFORM CU BRT~TIN 
LABEL CAUTION 1.925-IN-WD 2.24-IN-LG 


28480 
28480 
28480 


1251-0600 
1460-1336 
7121-1234 


oro 


03325-66521 


Ps) 


PC ASSY-FFS D/A 28480 


A21C1 
A21C2 
A21C3 
A2Q1C4 
A21C6 


A21C7 
A2Z1CB8 
A21C9 
A21C10 
ABC 


A21C12 
A21013 
A21C14 
A21C15 
A2IC16 


A21017 
A21C18 
A21019 
A21C21 
A21C022 


A21C2 

A21C24 
A21C026 
A21C27 
A21CEB 


A21C29 
AL1ICS1 
A21032 
ALZICSS 
A231 


ALICTI2 
A210133 
A2Z10134 
A210135 
AZ1IC136 


A210137 
ALQICT3B 
A2Z1C139 
A2ZIC140 
A2Q1IC14l 


A21C142 
A210143 

2AC144 
A210145 
ALZICL62 


A210163 
A210164 
€210167 
ALICLOB 
AQIC1E9 


0140~ 


0160- 
9160- 
0180- 
0140- 


0160~- 


0160~ 


0160- 


0160- 


6180- 


0160- 


0160- 


0160- 


0160- 
0169- 


0160- 


9160- 
0180-- 


0160- 


0160- 


0160 


9191 
3847 
1861 
1746 
O191 


4571 
3847 
3847 
A571 
1861 


3847 
2250 
3847 
2222 


3847 


4461 
2257 
1746 
1746 
5306 


3847 


0140-0149 


9140- 
0160- 
0160- 


0160 


0160- 
0160 


0160 
0140~ 


0160- 
0160- 


0160- 
0160 
0160~ 


0160~ 


o149- 


0160— 


9160 
0160- 


0166- 


0160- 


9180- 


o180- 


0160 


H160- 


8160- 


0160~ 


0160- 


0160- 


3847 
2243 
2208 


3C47 
3847 
4AS71 
3847 
0191 


3847 
3847 
4571 
3847 
3847 


3347 
0206 
3847 
3847 
1746 


SB47 
3847 
1861 
1746 
3B792 


3847 
3847 
3847 
2204 
3847 


aovrveo aunaon 


wow 


enNvrw Cumann wre 


e2ovovv 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR~F XD 


CAPACITOR-FXD 
CAPACTTOR-F XD 
CAPACITOR~-FXD 
CAPACITOR~FXD 
CAPACITOR-FXD 


CAPACITOR -—F XD 
CAPACITOR -FXD 
CAPACITOR-FXD 
CAPACTTOR~FXD 
CAPACITOR-F XD 


CAPACTTOR-FXD 
CAPACITOR~FXD 
CAPACT TOR -FXD 
CAPACITOR-F XD 
CAPACTTOR-FXD 


CAPACITOR -FXD 
CAPACTTOR-FXD 
CAPACI TOR-F XD 
CAPACTTOR-FXD 
CAPACTTOR -F XD 


CAPACITOR-FXD 
CAPACTTOR ~FXD 
CAPACTITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 


CAPACITOR-FXD 
CAPACTITOR-FXD 
CAPACITOR -FXD 
CAPACTTOR-FXD 
CAPACTTOR-F XD 


CAPACTTOR-FXD 
CAPACI TOR~F XD 
CAPACITOR-FXD 
CAPACITOR -FXD 
CAPACITOR FXD 


CAPACITOR -FXD 
CAPACITOR FXO 
CAPACITGR~FXD 
CAPACTTOR-FXO 
CAPACTTOR-F XD 


CAPACTTOR-FXO 
CAPACITOR -F XD 
CAPACTTOR-FXD 
CAPACTTOR~-FXD 
CAPAC TTOR-FXD 


OPF 4-5% S00VDC MICA 
O1UF +100-0% SOVDC CER 
27UF+-10% 19VDC TA 
1SUF+-10% 20VDC TA 

SGPF +-5% 300VOC MICA 


5 


»1UF +86-20% SOVDC CER 
-O1UF 41909-0% SOVEC CER 
-OLUF +100-0% SOVDC CER 
»1UF 480-20% SOVDC CER 
27UF+-10% 10VDC TA 


-O1UF +100 °-9% SOVDC CER 
S.1PF +-.25PF S00V0C CER 
-O1UF #100-0% SOVDC CER 
1500PF +-S% 3ZO0OVDC MICA 
-O1UF #100-0% SOVDC CER 


1SOPF +-2 160VDC POLYP 
1OPF 3% OVDC CER O+-60 
1SUF+-10% 20V0C TA 
1SUF+-10% 20VDC TA 

SLUF +-10% 100400 


»O1UF #100-0% Sovbc CER 
470PF +-S% 300VDC MICA 
-O1UF 4190 -0% SOVDC CER 
2.7PF +~,25PF SO00VDC CER 
SSOPF #-5% S00VDC MICA 


-O1UF +100-0% SOVBC CER 
-O1UF 4100 -0% SOVOC CER 
.1UF +90-20% SOVDC CER 
/O1UF #1099-°9% SOVDC CER 
SOPF +°5% SO0VDC MICA 


-O1UF 4190 -9% SOVDC CER 
-O1UF +#100-0% SGVOC CER 
-1UF +#80-20% SOVDC CER 
-O1UF #100-0% SOVDC CER 
-O1UF #100-0% SOVEC CER 


»O1UF #100-0% SoVDC CER 
279PF +-S% SOOVDC MICA 
-O1UF 4#106-0% SOVOC CER 
/O1UF #100-0% Savoc CER 
15UF+-10% 20VDC TA 


-OLUF 4109°-9% SOvdC CER 
-O1UF 4100 0% SO¥DC CER 
27UF4+°19% 10VDC TA 
TSUF+-10% 20VDC TA 
-O1UF +-20% 100VDC CER 


-OLUF +#100-0% SOVOC CER 
-O1UF #100 0% Sovoc R 
-C1UF #100-0% SOVDC CER 
1O00PF 4-5% 300VGC MICA 
»O1UF +100-6% SOVDC CER 


72136 
28480 
562897 
54289 
72136 


28480 
28489 
26480 

28480 
56289 


283480 


28460 
28480 
56289 
56289 
28490 


2B4B9 
72136 
28480 
28460 
28480 


23480 
28480 
20480 
28480 
72136 


28480 
23480 
2 


a84g0 
72136 
28480 
28480 
SO209 


28439 
26400 
56269 
56289 
20480 


28400 
29489 
23460 
28480 
29480 


See introduction to this section for ordering information 


*Indicates factory sele 


cted value 


DMISES60T0300WVICR 
8160 3847 
150D276x9010B2 
150D156x9020n2 
DMISES60I0300WVICR 


0160-4571 
0169-3847 
0160-3847 
0160-4571 
15OD276X9010b2 


9160-3847 
0160-2250 
0160-3847 
0160 2222 
0160-3847 


0160-4461 
0160-2257 
15OD156x9020K2 
150D156x9020h2 
0160-5306 


0160-23847 
DM1ISF47150300UV1CR 
0160-3847 
0160-2243 
9160-2298 


0160 -3847 
0160-3047 
0140-4571 
0169-3847 
DMISES60TOSCOWVICR 


0160-3847 
0140-3847 
9160-4571 
0160-3847 
0160-3847 


0140-3647 
DMISF271T 0500WVICR 
0140-3847 
0160-3847 
LSODLISOXPOA0E2 


9169 -3847 
0160 3847 
LE0D276X9010R2 
LSOD1S6XP020B2 
9169 -3879 


0160-3847 
0460-3647 
8160-3847 
0160-2204 
8160-3847 


6-21 


Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference 


Designation Mfr Part Number 


Description 


A21C171 
A210173 
A21C0174 
A210176 
A2Z1C177 


A210178 
4210179 
A21C181 

A210182 
€21C183 


4210184 
4210185 

210186 
A210187 
A21C0188 


4210190 


0180-1746 
0180-0228 
0160-2204 
0160-0571 
01690-3879 


0160-3847 
0160-4040 
0160-2204 
0160-4441 
0160-0127 


0160-3847 
0160-3847 
0160-3847 
0160-3947 
0160-0127 


0160-4571 


mBwwvvv Neoow Nootau 


CAPACITOR-F XD 
CAPACITOR-FXD 
CAPACITOR~FXD 
CAPACITOR-FXD 
CAPACITOR~FXD 


CAPACITOR-FXD 
CAPACITOR-F XD 
CAPACITOR-FXD 
CAPACITOR-F XD 
CAPACTTOR-~FXD 


CAPACTTOR -FXD 
CAPACTTOR~-FXD 
CAPACITOR -FXD 
CAPACTTOR-FXD 
CAPACITOR-F XD 


CAPACITOR~FXD 


15UF+-10% 20VDC TA 
22UF+-10% 15VDC TA 
100PF +-5% 300VDC MICA 
470PF +-20% 100VDC CER 
»O1UF +-20% 190VDC CER 


-O1UF +#100-0% SOVDC CER 
1000PF +-5S% 1090VDC CER 
100PF +-S% 300VDC MICA 
-A4A7UF +-10% SOVDC CER 
1UF +-20% 25VDC CER 


»O1UF +#190-0% SOVDC CER 
-O1UF +100-0% SOVDC CER 
-O1UF 4+100-0% SOVDC CER 
-O1UF +100--0% SOVDC CER 
1UF +-20% 25VDC CER 


-1UF +80-20% SOVDC CER 


56289 
54289 
28480 
28490 
28480 


28480 
28480 
28480 
28480 
28480 


28480 
28480 
28480 
20480 
28480 


28490 


150D156x9020R2 
150D226x9015b2 
0160-2204 
0160-0571 
9160-3879 


0160-3847 
9169-4040 
0160-2204 
0160-4441 
0168-0127 


0160-3847 
0160-3847 
0160-3847 
0160-3847 
9160-0127 


0160-4571 


28480 
51642 


51642 


0160-3876 
150--100-NP0--1017 
150-100-NPO-1017 


ABZICIIS 
AZ1C196 
A2ZIC1L97 


0169-3876 
0160-4283 
0160-4283 


CAPACITOR~FXD 47PF +-20% 200VDC CER 
CAPACITOR-FXD 100PF +-5% 200VDC CER 
CAPACITOR-FXD 100PF 4-S% 290VDC CER 


wena 


A21CR1 
AZICR2 
ABACRS 
AZ1CR4 
ABICRS 


1901-0040 
1901-0040 
1901-0519 
1901-0518 
1901-0040 


DIODE-SWITCHING 30V SOMA 2NS DO-35 
DIQDE-SWITCHING 30Y SOMA 2NS DO-35 
DIODE-~SM SIG SCHOTTKY 
DICDE-SM SIG SCHOTTKY 
DIODE-SWITCHING 30V SOMA 2NS DO~-35 


28490 
28480 
28490 
28489 
286480 


1901-0040 
1701-0040 
1901-0518 
1701-0518 
1901-0040 


oO 


94713 
04713 
28480 
28480 
28480 


DIODE-ZNR 1N825 6.2V 5% DO-7 PD=.4W 
DIODE~ZNR 1N825 6.2V 5% DO-7 PD=.4W 
DIODE--SM SIG SCHOTTKY 
DIODE~SM SIG SCHOTTKY 
DIODE-SWITCHING 39Y SOMA 2NS DO~-35 


1IN825 
INS25 
1901-0518 
1901-0518 
1901-0040 


AL2ICRE 
@21CR7 
A2ZICRB 
A21CRP 
A21CR1I1 


1902-0777 
1902-0777 
1901-0518 
1901-05168 
1991-0040 


=-CPoww 


26480 
28480 
28480 
28480 
28480 


1901-0040 
1901-0040 
1901-0040 
1992-3054 
1902-0064 


A21CRI2 
AZICRIS 
A2Q1ICR16 
A21ICR1I7 
A21CR1B 


1901-0040 
1991-0049 
1901-0040 
1902-3054 
1902-0064 


DIODE-SWITCHING 30V SOMA ANS DO~-35 
DIODE -SWITCHING 30V SOMA 2@NS DO-~-35 
DIODE-SWITCHING 30V SOMA 2NS DO-35 
DIODE -ZNR 3.65V 5% DO-35 PD=.4W 
DIODE-ZNR 7.5V 5% DO-35 PD=.4W TC=+.05% 


a ees 


DIODE -ZNR 7.5V 5% DO-35 PD=.4W TC=+,05% 
DLODE-SWITCHING 30V SOMA 2NS DO~35 
DIODE-ZNR 3,01V 5% DO-7 PD=.4W TC=-. 967% 
DIODE~SM SIG SCHOTTKY 

DIGDE-SWITCHING 30Y SOMA 2NS DO-35 


28480 
28480 
28480 
28480 
284890 


1902-0964 
1901-0040 
1902-3030 
1901-0518 
1901-0040 


A2Z1CR19 
A21ICR20 
AAICR1I31 
AZICRI61 
A2Z1ICR162 


1992-0064 
1901-0040 
1792-3030 
1961-0518 
1901-0040 


1 
1 
7 
8 
1 


28480 
04713 
28480 
04713 


1961-0519 
MV109 
1901-0518 
MV109 


A2Z1CR163 
A2Z1CR164 
AZICRI6S 
A21ICR1IG66 


1901-0518 
0122-0059 
1901-0518 
9122 -0089 


DIODE-SM SIG SCHOTTKY 
DIODE-VVC 29PF 10% C3/C25-MIN=5 BYR=30V 
DIODE-SM SIG SCHOTTKY 
DIODE-VVC 29PF 10% C3/C25-MIN=5 BVR=30V 


acas 


259480 1251-6567 
28480 1810-0294 
26480 1251-2969 
2B480 1251-2969 
28490 1251. 2969 


CONNECTOR 21-PIN M POST TYPE 
NETWORK-RESISTOR 16 PIN DIP; RES 
CONNECTOR-PHOND SINGLE PHONO JACK; DIP 
CONNECTOR-PHONO SINGLE PHONO JACK; DIP 
CONNECTOR-PHONO SINGLE PHONO JACK; DIP 


A2Q1s1 1251-6567 
ALZ1I3 1819 0294 
2158 1251-2969 
A2WAS 1251-2969 
AL1T16 1251-2969 


aotsno 


228480 1251-2969 
28480 1251-2969 
2BABO 1251-2969 
238480 251-2969 


CONNECTOR:PHONO SINGLE PHONO JACK; DIP 
CONNE OR-PHONO SINGLE PHONO JACK; DIP 
CONNECTOR-PHONO SINGLE PRKGNO JACK; DIP 
CONNECTOR=PHONO SINGLE PHONO JACK; DIP 


1251-2969 
1251-2969 
1251-2969 
1251-2969 


A21I17A 
AQ1I17B 
AZIIIBA 
A213188 


28480 
238480 
23489 
23480 
23489 


9100-1622 
9100-1622 
9109-1791 
9100-1791 
9170-0894 


INDUCTOR RF-CH-MLD 24UH 5% .166DX,385L6 
INDUCTOR RF--CH-MLD 24UH 5% .166DX,.395L6 
INDUCTOR 290NH 29% ,23DX.375LG6 

INDUCTOR 290NH 26% ,23DX,.375LG6 
CORE-SHIELDING BEAD 


7100-1622 
9100-1622 
A21L3 9100-1791 
A21IL132 9100-1791 
AAWU13S 9170-9894 


A21L1 
A21L2 


oreNN OMeo 


28480 
28480 
29480 
2BA4B0 


9100-1791 
9140-0460 
9100-0539 
9140-0349 


INDUCTOR 290NH 20% .23DX.375L6 

COIL-VAR 351NH-429NH Q=120 PC-MTG 
INDUCTOR (MISC ITEM) 

INDUCTOR RF-CH-MLD 1.1UH 5% .166DX.365LG 


AG11-161 
A21L162 
A21L163 

21L165 


9100-1791 
9140-0460 
9100-0539 
9140-9349 


NGws 


04713 MPSH81 
04713 MPSHG1 
04713 2N5179 
04713 MPSHiG1 
07263 QN4917 


TRANSISTOR PNP SI TO-92 PD=625MW 
TRANSISTOR PNP SI TO-92 PD=625MW 
TRANSISTOR NPN 2N5179 ST TO-72 PD=260MW 
TRANSISTOR PNP SI 10-92 PD=625MW 
TRANSISTOR PNP 2N4917 SI PD=200MW 


A21Q1 1853-0448 
A21Q2 1853 9448 
42193 1854-0345 
A21Q4 1353-0448 
A216 1853-0089 


Fo@oo 


97263 
07263 
28480 
07263 
28439 


2N4917 
PN4AD17 
1854-0296 
2N4917 
1854-9296 


TRANSISTOR PNP 2N4917 SI PD=200MW 
TRANSISTOR PNP 2N4917 SI PD=200MU 
TRANSISTOR NPN SI TO-92 PD=319MW 
TRANSISTOR PNP 2N4917 SI PD=200MW 
TRANSISTOR NPN ST TO-92 PD=310mMW 


1853-0089 
1853-0089 
1954-0296 
1853-0089 
1054-9296 


A210? 
42188 
N21Q9 
21810 
ALIA 


ouata 


07263 
28480 
28480 
28480 
28430 


TRANSISTOR PNP 2N4917 ST PD=200MW 
TRANSISTOR NPN SI TO-92 PD=310hW 
TRANSISTOR NPN SI TO-92 PD=310MW 
TRANSISTOR NPN SI TO-92 PD=310hW 
TRANSISTOR’ JFET DUAL N°CHAN D-MODE S 


A21Q12 1853-0089 
A2Z1Q13 1654-0296 
A21Q14 1054-0296 
ALIQIG 1654-9296 
A21Q17 1955-0308 


Aooon 


1855-0308 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


& Table 6-3. Replaceable Parts 


Reference 
Designation 


Description Mfr Part Number 


A21Q18 K 1 TRANGISTGR J-FET N-CHAN D-MODE ST 28480 1855-0061 
A21Q19 TRANSISTOR J~FET N-CHAN D-MODE SI 26480 ve 
A21Q21 @ TRANSTSTOR J-FET P-CHAN D-MODE SI 28480 1855-0082 
A21R22 —0215 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2N3904 
A21023 3% 1 TRANSISTOR NPN SI PD=350MW FT=300miZ 04713 2N3994 


A21024 

A21R2S 1653 0069 
A21Q26 1854- 
ALIVE 1955-0081 
A21R28 1054-0296 


TRANSISTOR NPN SI PD=35GMW FT=300MHZ 04713 A2N3904 
TRANSISTOR PNP 2N4917 SI PD=200MW 07263 2N4917 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 AN3904 
TRANSISTOR J-FET N-CHAN D-MODE SI €86489 1855-9081 
TRANSISTOR NPN SI TO-92 PD=310MW 28480 1854 -0296 


po Oeerae 


A2Z1N29 1854-0296 
A21Q31 1853-0089 
A2QINZ2 1854-0830 
A21Q33 1955-0082 
A21037 1854-0215 


TRANSISTOR NPN SI TO-92 PD=310MW 28489 1854-0296 
TRANSISTOR PNP 2N4917 SI PD=200mW 07263 2N4917 
TRANSISTOR—DUAL NPN PD=S00mW 27914 LM394 
TRANSISTOR J-FIET P-CHAN D-MODE SI 28480 1855-0082 
TRANSISTOR NPN ST PD=350MW FT=300MHZ 94713 2N3904 


Mo 


A21Q38 1853-0986 
A2Z1Q39 1055-0081 
A21041 1854-0296 
A21Q42 1854-0296 
A21043 1953-0089 


TRANSISTOR PNP SI PD=310MW FT=40MHZ 27014 2N5087 
TRANSISTOR J-FET N°-CHAN D-MODE SI 28480 1855-0081 
TRANSISTOR NPN SL TO~92 PD=310MW 28480 1854-0296 
TRANSISTOR NPN SI TO-92 10mMW 28489 1654-0296 
TRANSISTOR PNP 2N4917 SI PD=200MW 07263 2N4917 


aowo-r 


AZ1RA4 1953-0069 
AL1QIS1 1853-0448 
ALIAL32 1854-0071 
A21Q161 1953-0448 
AZ1Q162 1854-0345 


TRANSISTOR PNP 2N4917 SI PD=200MW 07263 2N4917 
TRANSISTOR PNP SI TO-92 PD=625MW 04713 MPSH81 
TRANSISTOR NPN SI PD=300MW FT 220 9MHZ 28439 1854-0071 
TRANSISTOR PNP SI TO-92 PD=625MW 04713 MPSH31 
TRANSISTOR NPN @NS179 SI TO-72 PD=200MW 94713 2N5179 


A21Q163 18540345 
AZIQIO4S 1654-9345 
AZ1Q165 1854-0345 
A2Z10166 1953-0448 


TRANSISTOR NPN 2N5179 SI TO-72 PD=2 04713 2NnS179 
TRANSISTOR NPN 2N5179 SI TO-72 04713 2N5179 
TRANSISTOR NPN 2N5179 SI TO~72 PD=200MW 04713 2N5179 
TRANSISTOR PNP SI TO-92 PD=625mMW 94713 MPSHi81 


ot®on geouca 


A21R1 0757-6395 
AZIR2 0757-0419 
AIRS 0757-0419 
AZIR4 9683-4705 
ARIRG 0757-0421 


RESISTOR 56.2 1% .125W F TC=0+-100 24546 C4 1/8-T0-S6R2-F 
RESISTOR 681 (125W FT 4-100 24546 C4-1/8-T9 -681R °F 
RESISTOR 6€ % .125W F TC=0+-100 24546 C4-1/8-T0-681R-F 
RESISTOR 4 5%. 25W FC TCs 40074500 01121 CBA795 

RESISTOR 92k .125W F TC=0+-100 24546 C4-1/8-T0-825R-F 


r-aoccoe 


ALIR7Z 0683-4715 
AZIRB 0483-4705 
AZIRP 0698-3440 
ABR 0683-2205 
AZIR1Z 0757-0438 


RESISTOR :25W FC TC=-400/4600 01121 CB4715 
RESISTOR 47 5% ,25W FC TC=-4007+500 01121 CR4705 
RESISTOR 196 1% ,125W F 1C=04+-100 24546 C4-1/8-T0-196R-F 
RESISTOR 22 5% .25W FC TC=-400/+500 01121 Ch2205 
RESISTOR S.11K 1% .125W F TC=04+-100 24546 C4-1/8-T0~S111-F 


AaAw~vuao 


ABQIR1IS 0757-0439 RESISTOR 5.11K 1% .125W F TC=0+-100 24546 C4-1/8-T0-5111-F 
AZIR14 0757-0418 : RESISTOR 619 1% .125W F 1C=04+-109 24546 C4--1/B-T0--619R-F 
AZIR16 0757-0440 RESISTOR 7.5K 1% .125W F TC=0+-100 24546 C4--1/8-T0~7501-F 
A21IR17 0698-3152 ; RESISTOR 3,46K 1% .125W F TC=04+-100 24546 C4-1/8-T0-3481 -F 
AL1R1B 257-0444 : RESISTOR 12.1K 1% .12@5W F TC=0+-106 24546 C4-1/8-T0-1212-F 


A21R19 0757-0278 
AQR2AL 0683-4705 
ALIRE2 0683-1525 
A2Z1R23 0693-6815 
AZ1R24 0683-1825 


RESISTOR 1,.78K 1% .125W F TC=0+-100 24546 C4°1/8-T0-1781-F 
RESISTOR 47 5% .25W FC TC=~400/+500 O1121 Ch4705 
RESISTOR 1.5K 5% .25W FC T 409/+700 01121 Caises 
RESISTOR 680 5% .25W FC TC=-400/+600 Q1121 CEH6815 
RESISTOR 1.8K 5% .25W FC TC=-400/+700 o1121 CR1i825 


NUp oe 


A2Z1R26 6757-0395 
AQIR27 9757-0317 
421R28 0757-0317 
ALIRAP 0683-4705 
AZQIRG1 0683-3325 


RESISTOR 56.2 1% ,125W F TC=0+-100 24546 C4 1/8-T0-S6R2-F 
RESISTOR 1,.33K 1% .125W F T +-100 24546 C4-1/8-T0-1331-F 
RESISTOR 1,33K 1% .125W F TC=0+-100 24546 C4~1/8-T0-1331-F 
RESISTOR 47 5% .25W FC TC=-400/+500 01121 CB4705 
RESISTOR 3.3K S% .25W FC TC=~-400/+700 01121 CH3325 


Sonvye 


AZIRB2 0683-4715 
AQIRI3 0683-4705 
AZIRSA 0757-0438 
A2Q1R36 0757-6286 
A2Z1R37 0678-3153 


RESISTOR 470 5% .25W FC TC=--40071+609 01121 CB4715 
RESISTOR 47 5% .a5W FC TC=-400/+500 01121 CB4705 
RESISTOR 5,11K 1% .125W F TC=0+-100 24546 C4-1/8-T0-5111-F 
RESISTOR 1K 1% .125W F TC=0+~-100 24546 C4-1/8-T0~1001-F 
RESISTOR 3,.83K 1% .125W F TC=0+-100 24546 C4°1/8~T0-3831-F 


VUWDo 


AZ1R38 0698-0083 
AZIRSP 0757-0401 
A2Z1R41 0683-6815 
A2Z1R42 0698-3153 
AZQ1IRAS 0698-3153 


RESISTOR 1,96K 1% .125W F TC=0+-100 24546 C4-1/8-TO-1961-F 
RESISTOR 100 1% .125W F TC=04+-100 24546 C4-1/8-T0-101--F 
RESISTOR 680 S% .25W FC TC=-400/+600 01121 Ch6815 

RESISTOR 3.82K 1% .125W F TC=0+-100 24546 C4-1/8-T0-3831-F 
RESISTOR 3.83K 1% .125W F TC=0+-100 24546 C4°-1/8-T9~-3931-F 


AZIR44 0698-0983 
AZ1R4G 0483-1015 
A21R47 0683-3325 
A2Z1R48 0683-1015 
AZIR4AP 0698-3443 


RESTSTOR 1.96K 1% .125W F TC=04-100 24546 C4-1/8-TO0-1961-F 
RESISTOR 100 S% ,25W FC TC=-400/+500 01121 Cn1015 
RESISTOR 3.3K 5% .25W FC TC=-400/7+1700 01121 CBISL5 
RESISTOR 100 S% .25W FC TC=-400/+500 Q11a1 CB101S 
RESISTOR 287 1% .125W F TC=0+-100 24546 C4-1/8-T0-287R-F 
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A21RS1 0757-0419 
A21RS2 0757-0444 
AQARSS 0757-0280 
A21IRS4 0757-0280 
A2QARSS 0698-0083 


RESISTOR 619 1% .125W F TC=0+-100 24546 C4-1/8-T0-619R-F 
RESISTOR 12,.1K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1212-F 
RESISTOR 1K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-1001-F 
RESISTOR 1K 1% ,125W F TC=0+-100 24546 C4-1/8~-T9~-1001-F 
RESISTOR 1.96K 1% .125W F TC=0+~-100 24546 C4--1/8-T0-1961-F 
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See introduction to this section for ordering information 
*Indicates factory selected value 
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Table 6-3. Replaceable Parts 


HP Part 
Number 


0683-5105 
0683-4715 
0683-1015 
0683-1035 
0683-1015 


Reference 
Designation 


AZIRS7 
A21R58 
A2ZIRS? 
A2QIR61 

AL1IR62 


Description Mfr Part Number 


RESISTOR 51 
RESISTOR 470 52% 
RESISTOR 100 5% 
RESISTOR 10K 5% 
RESISTOR 109 5% 


5% ,é5W FC TC=-40071500 
400/+500 
4097+500 
4060/4700 

FC TC=-409715900 


a1121 
61121 


CRS105 
Ch4715 
CR1i01S 
CRLESS 
CBIO1S 


NEFNS dS 


A21R4S 
A2Z1R64 
ABUR6S 


0757-0419 
0678-0084 
0757-0401 


RESISTOR 
RESISTOR 
RESISTOR 


681 1% 


2.15K 1% 


100 1% 


SWF TC=04+-160 
/1R2SW F TOs0+-190 
125W F TO=0+-100 


C4 -1/8-T0-4681R-F 
C4 -1/8-T9-2151-F 
C4-1/8-TO-101-F 


RESISTOR 47 5% .25W FC 1C= -490/+500 CR4705 
RESISTOR 1.96K 1% .12°5W F TC=0+-1060 24S C4-1/8-TO 


AZ1IR66 
AZ1IR67 


0683-4705 
6698-0083 


Baowo 


1961-F 


14,7 1% ,125W F TC=0+-109 C4~1/8-T0-1472-F 
14.7K 1% .125W F TC=0+-100 C4-1/8-T0-1472-F 
109 1% .125W F TC=0+-100 C4-1/8-T0-1 : 
RESISTOR 44.2K 1% ,125W F TC=04-100 C4 1/8-T8-442 
RESISTOR 1K 35% .25W FC TC=-4007t600 Chi925 


0698-3156 RESISTOR 
0698~3156 
0757-0401 
0698-4207 
0683-1025 


A2Z1R6B 
AQ1R69 
A2Z1IR70 
AZ1R71 

AZIR72 


wrRomn 


RESISTOR 47 5% 
RESISTOR-TRMR 1K 10% C TOP-ADJ 1-TRN 
RESISTOR 10K 1% 25W F TC=0+-106 
RESISTOR-TRMR SOK 10% C TOP -ADT 17-TRN 
RESISTOR 10M S% .25W Cl TC=-9067+1100 


,e5W FC TCe-4007+500 Ve cr4705 
2100-3211 

C4. 1/8-TO-1002- 
3292W 1-503 
CH1065 


A2Z1R73 0683-4705 
2100-3211 
0757-0442 
2100-3096 
0683-1665 01121 
RESISTOR 909K 1% 
RESISTOR 100 1% 

RESISTOR 10K 5% 

RESISTOR 5.6K S% 
RESISTOR &k S% . 


.125W F TC=04-100 
125W FT +-100 
-25W FC TC=-400/7+700 

.25W FC TC=-400/+700 
2oW FO TCs-490/4700 


28480 
BAS 4G 
01121 
01121 
diieat 


0757-0488 
C4-1/8-T0 


A21R768 
A2Q1IR79 
A2Z1RB1 
A21RB2 
A21R83 


0757-0483 
0757-0401 

0683619035 
0683-5625 
0683-2025 


Tat 
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CR2025 


19701 MF 4C01/8-T0-1332-F 
24546 C4-1/8-T9--6811-F 
O1lar Ch4705 

78489 2199-3383 

Q1121 CL4705 


13.3K 1% .125W F TC=O0F-100 
RESISTOR 6.31K 1% .125W F TC=34-100 
RESISTOR 47 5% .25W FC TC=-4007+500 
RESTSTOR-TRMR SO 10% C TOP-ADT 1-TRN 
RESISTOR 47 5% ,a5wW FC TC=-4007+500 


AQIRB4 
ALIRES 
A2Q1R87 
A21REB 
A2Q1R89 


0757-0289 
0757-0439 
0683-4705 
2109-3383 
0683-4705 


RESISTOR 


24546 
0112 

01121 
Cita. 
24546 


C4-1/3-T0-1961-F 
Cn 625 
CRIO1S 
C01 01S 
C4-1/8- 


1,96K 1% ,125W F TC=0+~-100 

.25W FC TC=-400/74+600 

-25W FC T 40071500 
.2gu FC T 400/+5906 
125W F 1C=04-100 


RESISTOR 
RESISTOR 1K S% 

RESISTOR 100 5% 
RESISTOR 100 5% 
RESISTOR 825 1% 


0698-0083 
0683-1025 
0683-1015 
0683-1015 
0757-0421 


A21IRIL 
AQIRI2 
A2Z1IRIS 
A2Z1R94 
AZIRI6 


bnNuVG Opes 


01121 
01124 
24546 
01121 
o11ar 


.ek S% .25W FC TC=-400/+700 
1k SA ,25W FC TC=-4007+709 
,22K 1% .125W F TC=0+-100 
K 5% .25W FC 1C= -400/4600 
2K 5% .25W FC TC=-400/+700 


A2Z1R97 06832225 
A21IRIB 0683-2225 
A2Q1R99 0698-3154 
AZIR1II1 0683-1025 
A2Q1R102 0683-2225 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


-T0-4201-F 


fo >of 


011421 
01121 
o1ia1 
29460 
2ASAG 


cBa70s 
CRE235 

CB1 035 

2100-0567 
C4-1/8-TO-1961-F 


RESISTOR 47 5% .25W FC TC=-400/+500 
RESISTOR 22K 5% .a5W FC T 400/7+800 
RESISTOR 10K 5% .25W FC 7 400/+799 
RESISTOR-TRMR 2K 10% C TOP-ADJ 1-TRN 
RESISTOR 1.96K 1% .125W F TC=04-100 


A21R103 
A2Z1R104 
A2Z1R106 
A2Z1R107 
AZ1IR108 


0683-4795 
0683-2235 
0683-1935 
2100-0567 
0698-0083 


O112a1 
o1421 


ChL01S 
CB1015 
24546 C4 1/8-TO-8258-F 
24546 C4-1/8-T9-S11R-F 
2ASAG C4-1/8-TO-S11R-F 


RESISTOR 100 5% 
RESISTOR 100 5% .2@5W FC 
RESISTOR 825 1% .125W F 
RESISTOR 511 1% .125W F 
RESISTOR 511 1% .125W F 


.25W FC TC=~400/+500 


400/+500 


AZQ1IR109 
A21R111 
A21R112 
A2Z1R113 
AQ1IR114 


0683-1015 
0683-1015 
0757-0421 
0757-0416 
0757-0416 


01121 
24546 
01121 
Q1121 
91121 


CR4705 
C4-1/8-T0-6811-F 
CR1025 
CHR1I835 
Ch1i025 


RESISTOR 47 5% .25W FC TC=-400/7+500 
RESISTOR 6,81K 1% .125W F TC=0+-100 
RESISTOR 1K 5% .25W FC TC=-400/+600 
RESISTOR 18K 5% .25W FC T 40074800 
RESISTOR 1K 5% .25W FC TC=-400/74600 


0683-4705 
0757-0439 
0683-1025 
0683-1835 
0683-1025 


A21R116 
A2Z1R117 
A21R118 
A21R119 
AZIR121 
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243546 C41/9-T04642-F 
24546 C4-1/8-T9-1003-F 
dgtiat ChiS2as 
01121 CB10e5 
Q1121 Chae2s 


RESISTOR 46,4K 1% .125W F TC=0+-100 
RESISTOR 100K 1% ,125W F TC=0+-100 
RESISTOR 1,5 SX .25W FC TC=-400/+700 
RESISTOR 1K 5% .25W FC TC=-400/4+600 
RESISTOR 2.2K 5% .25W FC TC=-4060/+700 


A21R122 
A21R123 
A2Z1R124 
AZ1R126 
A21R130 


0698-3162 
0757-0465 
0693-1525 
0683-1025 
06983-2225 


WHvrao 


24546 
03398 
01121 
01121 
01121 


C4-1/8-T0-75R0 -F 
PMESS~-1/8- TG 26R1-F 
CB1035 

Ck2205 

CB1i025 


.125W F 1C=04+-100 
125W F TC=0+-100 
.25W FC 7 400/+700 
.25W FC TC=-400/7+500 
.25W FC TC=--4007+600 


RESTSTOR 75 1% 
RESISTOR 26.1 1% 
RESISTOR 10K 3% 
RESISTOR 22 5% 
RESISTOR 1K 5% 


0757-9398 
0698-3432 
0683-1035 
0683-2205 
0683-1025 


A21R132 
A21R133 
A2Z1R134 
A2Z1R135 
A2Z1R136 


WWHNe 


Q1121 
2AS46 
01121 
24546 
01121 


Ch1035 
C4-1/8-T0-4531 -F 
Ch1L035 
C4~1/8~T0-1271 °F 
CBites 


RESISTOR 10K 5% .25W FC TC=-400/+700 
RESISTOR 4.53K 1% .125W F TC=0+-100 

RESISTOR 10K 5% .25W FC T 

RESISTOR 1.27K 1% .125W 

RESISTOR 1K 5% ,25W FC TC=-400/+600 


0683-1035 
0698-4443 
0683-1035 
0698-4422 
0683-1025 


A21R137 
A2Z1R138 
A2Z1R140 
A21R141 
AQIRL42 


01121 
01121 
01121 
O1121 
91121 


CBRi01S 
CL3325 
Ch1i025 
Chi03S 
Ck1035 


RESISTOR 109 5% .25W FC TC=-4007+500 
RESISTOR 3,3K 5% ,25W FC TC=~-400/+700 
RESISTOR 1K 5% .25W FC TC=-400/+600 

RESISTOR 10K 5% ,25W FC TC=-400/+700 
RESISTOR 10K 5% .25W FC TC=--400/+700 


9683-1015 
0683-3325 
0683-1025 
0683-1035 
0683-1035 


A21R143 
AZ1LR144 
A21R145 
AZ1R146 
A21R147 


ee orn CONE 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts 


Reference 
Designation 


AZ1R148 
AZ1IR149 
ALZIRISO 
A2QURUWS1 
AAIR(S2 


ABIR1 
A21R162 
A21R163 
A2QIR164 
A2Q1R165 


AZIR166 
A2Z1R167 
AZIR16B 
ALZ1IR169 
A2Z1R170 


AQ1IR1I71 
ALZIR172 
A2Q1R173 
ALQIR1I74 
A2Q1IR1I76 


A2ZIR1L77 
A21R178 
A2QIR179 
A21R181 
A21R182 


A2LR1BS 
AZ1IR1B4 
AZ1IR1B6 
A21IR167 
A21R188 


A21R189 
A2ZIRIG1 
A21R192 
A21R193 
A2Z1R194 


AZ1IR196 
AQIRIP7 
A2Q1R199 
AZIRI9P 
A21R200 


A21R291 
A21R202 
A2IR2QIS 
AL21IR204 
AQIRAIS 


A2Z1R206 
A21R207 
A2Q1R208 
A21R209 
A21R210 


A2IR212 
A2Z1R213 
A21IR214 
A2Z1IR2A15 
AAIR216 


AQUI 
A21U2 
AQTU4 
A21US 
A21U6 


A21U7 
A21U8 
A21U9 
A21U10 
A211 


A212 
ALIS 
AZ1IU14 
A215 
AQIU17 


A21U18 
A219 
AaWwe2L 
A21U22 
AQIW2S 


0683-7515 
0683-1035 
0683-3325 
0693-1035 
0683-1035 


0683-2415 
0683-4705 
0683-1045 
0683-4735 
0683-1045 


0683-4735 
0683-4725 
0683-1035 
0698-3518 
0683-2425 


0757-1094 
0685-1025 
0683-1045 
0683-5125 
0683-4705 


0757-0417 
0757-0401 
0683-3915 
0693-3915 
0683-1525 


0683-1025 
0757-0280 
0757-0416 
0698-4123 
0757-0280 


0757-0401 
0757-0280 
0757-0442 
0699-3279 
0757-0401 


0757-0452 
0698-3440 
0698-4474 
9757-0439 
0757-0394 


0757-0260 
0757-0401 
0698-3279 
0757-0442 
0757-0283 


0757-0280 
0683-3315 
0693-4325 
9683-3915 
0693-4705 


0757-0439 
0757-0401 
0757-0442 
0693-2205 
0757-0279 


1820--0817 
1821-0091 
1820-1196 
1820-1112 
1826-0021 


1826-0043 
(G20-1279 


1820--0681 
1820-0629 
1820-1196 
1B20-1196 
1820-1322 


1020-0629 
1820-2004 
1620-0683 
16820-0691 
18620-0681 


eeoen 


UoHe#nNp. Opstauw 


WuaNwd eoood Dawud 


NOOoh DEEZNS WDADWseMD sVYuOon WoVsH SVocowW FCEVWVNKX DOVWS 


bPeaeveo 


Table 6-3. Replaceable Parts 


Description 


RESISTOR 759 5% .25W FC TC=-400/+609 
RESISTOR 10K 5% .25W FC TC=-400/+700 
RESISTOR 3.3K 5% .25W FC TC=~-400/7+700 
RESISTOR 10K 5% ,25W FC TC=-400/+700 


RESISTOR 10K 5% .25W FC TC= 


RESISTOR 240 5% .25W FC TC=~-400/+600 
RESISTOR 47 5% .25W FC 1C=-400/71500 


RESISTOR 100K S% .25W FC T 


RESISTOR 47K S% .25W FC 1C=-400/7800 
RESISTOR 100K 5% .25W FC TC=-400/+800 


RESISTOR 47K S% .25W FC TC=-400/+800 


RESISTOR 4.7K 5% .25W FC T 
RESISTOR 10K 5% .25W FC TC 


RESISTOR 7,.32K 1% .125W F TC=0+-100 
RESISTOR 2.4K S% .25W FC TC=-400/7+700 


RESISTOR 1.47K 1% .125W F TC=0+-100 
RESISTOR 1K S% .25W FC TC=~400/1609 


RESISTOR 100K 5% .25W FC T 
RESISTOR S.1K 5% .25W FC T 


RESISTOR 47 5% .25W FC TC=-400/7+500 


RESISTOR 562 1% .125W F TC=04-100 
RESISTOR 100 1% .125W F TO=0+-100 
RESISTOR 390 5% .25W FC TC=-400/4600 
RESISTOR 390 5% .25W FC TC#-~400/+600 
RESISTOR 1.5K 5% ,25W FC T= -4007+700 


RESISTOR 1K 5% 
RESISTOR 1K 1% 


RESISTOR S11 1% .125W F TC=0+-100 
RESISTOR 499 1% .125W F TCH04-100 
RESISTOR 1K 1% .125W F TC=0+-106 


RESISTOR 100 1% ,125W F TC=04+-100 


RESISTOR 1K 1% ,125W F TC=0 
RESISTOR 10K 1% .125W F TC=0 
RESISTOR 4.99% 1% .125W F T 


RESISTOR 100 1% .125W F TC=0+-100 


RESISTOR 27.4K 1% ,125W F TC=0+-100 


RESISTGR 196 1% 12 
RESISTOR 8.45 1% , 
RESISTOR 6.81K 1% . 12%! 
RESISTOR 51.1 1%, 


RESISTOR 1K 1% .125W F 
RESISTOR 100 1% ,12% 
RESISTOR 4.99K 1% .125W 
RESISTOR 10K 1% ,125W F 
RESISTOR @K 1% .1e25W F 7 


RESISTOR 1K 1% .125W F TC=O0+-100 
e 


RESISTOR 339 3% 
RESISTOR 4.3K 5% 
RESISTOR 390 3% 
RESISTOR 47 5% .25W FC TC 


SW FC TC 


RESISTOR 6,.81K 1% .1e5W F TC 


RESISTOR 100 1% .125W F TO=0+~-100 
RESISTOR 10K 1% .125W F 10=04- 100 
RESISTOR 22 5% .e5W FC TC=-400/4+500 
RESISTOR 3.16K 1% .12SW F TC=0+-100 


IC FF ECL D-M/S DUAL 


TRANSISTOR ARRAY 14-PIN PLSTC DIP 
> FF TTL LS D-TYPE POS~EDGE-TRIG 
FF TTL LS D-TYPE POS -EDGE~TRIG 


OP AMP GP TO-99 PKG 


PF TTL S J-K NEG -EDGE-TRIG 
DRVR TTL S NAND LINE DUAL 4- INP 
CNTR TTL LG DECD UP/DOWN S 


> OP AMP GP TO-9? PKG 
CNTR TTL LS DECD UP/DOKN 


GATE TTL S NAND QUAD 2@- INP 
FF TTL S J-K NEG -EDGE-TRIG 

[(C FF TTL LS D-TYPE POS-EDGE-TRIG COM 
FR TTL LS D-TYPE POS -EDGE-TRIG COM 


GATE TTL S NOR QUAD 2 INP 


rr TIL GS J-« NEG-EDGE- TRIG 


mISC NMOS 
INV TTL S HEX 1--TNP 


> GATE TTL S NAND QUAD 2-INP 
GATE TTL S NAND QUAD 2-INP 


4007+600 


“4900/4605 
40074500 


O1121 
o1i2a1 
01121 
01121 
01121 


01121 
01121 
01121 
91121 
01121 


01121 
01121 
O1121 
24546 
01121 


24546 
dlt21 
O1121 
01121 
01121 


24546 
BAS 46 
$1121 
01121 
9121 


Q1121 
24546 
B44 
24546 
24546 


24546 
245.46 


BASAG 
BAS 46 
24546 
24546 
24546 


24546 
Q1124 
01121 
o1421 
o11e1 


24ASAG 
2AS4b 
24546 
O1121 
24546 


04713 
SLSBS 


01295 
0129S 
O129S 


01295 
28480 
91295 
01295 


VAIS 


See introduction to this section for ordering information 


*Indicates factory selected value 


Replaceable Parts 


Mfr Part Number 


CR751S 
CL1035 
CRISES 
CL1035 
CB1035 


Chk2415 
CB4705 
CB1045 
CB4735 
CELi04S 


CB4735 
CH4725 
CB1935 
C4-1/8-T0-7321-F 
CR2425 


C4- 1/8-T0-1471-F 
CB1025 
CE1I045 
CB5125 
CL4705 


C4-1/8-T0-S62R-F 
C4°1/8-TO 1018 F 
CB3915 
CE3915 
Ckis2s 


CL1L0e5 

C4-1/8-T0-1001-F 
C4-1/8-TO°SLIR-F 
C4 -1/8-T0-499R OF 
C4--1/8-T0-10G61-F 


C4-1/8-T0-101 -F 
C4-1/8-T0-1001~F 
C4-1/8-T0~100 
C4-1/8-T0- 4991 
C4 1/8-T0-101-F 


C4 1/9-T0-2742-F 
C4-1/8-T0-196R <F 
C4-1/8"T0 -8451-F 
C4-1/8-T9-681 1 -F 
C4-1/8-T0-S51R1-F 


C4°1/8-TO-1001 oF 
C4-1/8-T0-101-F 
C4°1/8-T0-4991 °F 
C41/8-TO-1802-F 
C4-1/8-T0-2001~F 


C4-1/8-T0-1001-F 
CUS 
CER4325 
CB3915 
Ch4705 


C4 1/8T0-6811°F 
C4-1/8-TO-101-F 
A4°1/8-T0-10028-F 
Che205 


CA 1/8 TO-3161 “Fk 


MO10131P 
CAZI46 
SN74LS174N 
SN74LS74AN 
LMSLOK 


SN74S112N 
SN74S140N 
SN741.S190N 
Cas07T 
SN74LS190N 


SN74S00N 
SN74S112N 
SN741.G174N 
SN74LS9174N 
SN74502N 


SN748112N 
1920-2004 
SN74S94N 
SN74500N 
SN?74S00N 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts e 


Reference 
Designation 


A2Z1U24 1820-0629 FF TTL S J-K NEG-EDGE-TRIG 91295 SN74S5112N 
421025 1920-0693 FF TTL. S D-TYPE POS-EDGE-TRIG 01295 SN74S74N 
A21U26 1820-0693 FF TTL S D-TYPE POS-EDGE-TRIG 01295 SN74574N 
A21U27 1820-0629 FF TTL S J-K NEG-EDGE-TRIG 01295 SN74S112N 
A2Z1U28 1820-1641 DRYVR TTL LS BUS DRYR HEX 1-INP 91295 SN74LS365AN 


Description Mfr Part Number 


AL1U29 1820-0629 FF TTL S J~K NEG-EDGE~TRIG 01295 SN74S112N 
421030 1820-0629 FF TTL S J-K NEG-EDGE-TRIG 01295 $N74S5112N 
A2Q1U31 1820-1144 GATE TTL LS NOR QUAD 2-INP 01295 SN74LS02N 
A21U32 1820-0629 FF TTL S J-K NEG-EDGE--TRIG 01295 SN74S112N 
A2Z1U33 1926-0111 OP AMP GP DUAL TO-99 PKG SLG9S CA1458T 


AL1U34 1620-0802 GATE ECL NOR QUAD 2-INP 04713 MC10102P 


0360-1716 TERMINAL-STUD SGL-PIN PRESS-MTG 28480 0360-1716 
1460-1336 WIREFORM CU BRT-TIN 28480 1460-1336 
7121-1234 LABEL CAUTION 1.925 IN-WD 2.24-IN-LG 28480 7121-1234 


03325-66523 ATTENUATOR ASSEMBLY 28480 03325-66523 


CAPACITOR-FXD .1UF +80-20% SOVDC CER 28480 0140-4571 
CAPACITOR-FXD .1UF +80~20% SOVDC CER 28480 9160-4571 
CAPACITOR-FXD .1UF +-20% SOVDC CER 28480 0160-3558 
CAPACITOR-FXD .1UF #-29% SOVDC CER 28480 0160-3558 
CAPACITOR-FXD .1UF +-20% SOVDC CER 20480 0160-3559 


A23C1 0160-4571 
A23C2 0160-4571 
A23C3 0160-3559 
A23C7 91603558 
A23CB 0160-3558 


CAPACITOR-FXD .1UF +-20% SOVDC CER 28480 0160-3558 
CAPACITOR-FXD .1UF +-20% SOVDC CER 28480 0160-3558 
CAPACITOR-FXD .1UF +-20% SO9VDC CER 28480 0160-3558 
CAPACITOR-FXD ,1UF +-20% SOVDC CER 28480 0160-3558 
CAPACTTOR -FXD ,1UF +#-20% SOVDC CER 28489 9160-3558 


A23C9 0160-3558 
A23C10 0160-3558 
A23C11 0160-3558 
A23C012 0140-3558 
A2Z3C13 0160-3558 


wevwvrs Vwvon 


CAPACITOR~FXD .1UF +-20% SOVDC CER 23480 0160-3559 
CAPACITOR-FXD ,1UF +*80-29% SOVDC CER 28480 9160-4571 
CAPACITOR-FXD .1UF +86-20% SOVDC CER 28480 0160-4571 
CAPACITGOR-FXD .1UF #89-20% SOVDC CER 28489 0160-4571 


A23C14 0160-3553 
A2ZC1S 0160-4571 
AL23C1E 0160-4571 
A23017 0160-4571 


eoeov 


A23J30 1251-5064 CONNECTOR 14-PIN M POST TYPE 28480 1PS1°5064 


CONNECTGR: PHONO SINGLE PHONO JACK; 28480 1251-2969 
CONNECTOR-PHONO SINGLE PHONO JACK; 28490 251-2969 
CONNECTOR~PRHONO SINGLE PHONO JACK; 22480 : 
CONNECTOR-PHONO SINGLE PHONO JACK; 28480 1251-2969 


A23I1 1251-2969 
A23I2 1251-2969 
A23I3 1251-2969 
A23T4 251-2969 


onoeeg 


RELAY 4C 12VC-COTL 12VDC 28480 0490-1141 
RELAY 4C 12VC-COIL 12VDC 28480 0490-1141 
RELAY 4C 12VC~COTL 12VDC 28480 0490-1141 
RELAY 4C 12VC-COIL 12VDC 28490 0490-1141 


ALIK1 9490-1141 
A23K2 0490-1141 
A2SKS 9490-1141 
AQIKS 0490-1141 


eee 


RESISTOR 51.91 .25% .SW F TC=04+-59 28400 0699-0965 
RESISTOR 51.01 .25% .SW F TC=0+-50 28480 0699-0065 
RESISTOR 2.15K .1% .125W 7 TC=04+-25 28480 9699-0273 
RESISTOR 350 .1% .125W F TC=0+-25 28490 0699-0274 
RESISTOR 247.5 .1% .2@5W F TC=04+-25 19701 MFS201/4-T9-247R5-B 


A23R1 0699-0065 
A2BR2 0699-0065 
AQSBRI 0899-0273 
AQBR4 0499-0274 
AZBRS 0698-8258 


asotea 


RESISTOR al. .SW oF TC=04-50 28460 0698-7984 
RESISTOR “SWF TCed+-50 28480 06978-7984 
RESISTOR +7 .25% .2@5W F TC=0+-50 28400 0697-0066 
RESISTOR 0.1% .25W F TC#04"25 19701 MFS201/4-T9-100R-B 
RESISTOR ’ -25W F TC#0+-25 AP7C1 MFS2C1/4° T?- 100R-B 


AQBRSE 0698-7984 
ALSR7 9698-7984 
A2SBRB 0699-0066 
AZZRP 0698-7448 
A2BR10 0698-7448 


Gwe rot 


LABEL CAUTION 1.925 IN-WD 2.24-IN-LG 28480 7121-1234 


7121-1234 


o 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


& Table 6-3. Replaceable Parts 


Reference HP Part 


Designation | Number Description Mfr Part Number 


CHASSTS AND MISCELLANECUS PARTS 


SHLD: TOP 03325-20601 
03325-20602 SHLD: BOTTOM 93325-20692 
03325-04104 COVER NO 2 03325-04104 


3160-0209 4 FAN-TBAX 45-CFM 115V 50/60-Hz 1.5-THK 28480 3160-0209 
(WITHOUT CABLE) 
03325-61612 4 FAN (WITH CABLE) 28480 03325-61612 
03325-66502 | 9 PWR SPLY 28430 03325-66502 
03325-66503 | 0 PC ASSY-SIG-SCE 28480 03325 -66503 
O8S25-66505 | 2 PC Y-KEYBD 28480 93225-66595 
03325 66506 | 3 PC ASSY-CONTROL 28486 03325-66506 
93325-66514 | 3 PC ASSY-FUNCTION 28489 93325-66514 
03325-66508 PC ASSY-HI VOLT (OPT. 002) 28480 03325-66508 
03325-66521 | 2 PC ASSY-FFS D/A 28480 03325-66521 
V3SL5-G6523 | 4 PC ASSY-ATTEN 28480 93825 66523 
03325-66509 PC-ASSY OVEN (OPT. 001) 28480 03325-66509 
0150-0012 3 CAPACITOR-FXD .G1UF +-20% 1KVDC CER 56289 C023A102T102M538 
9150-0012 3 CAPACITOR-FXD .O1UF #-20% 1KVDC CER 56289 C027A102I1034S38 
0150-0012 3 CAPACITOR-FXD .O1UF +-20% 1KVDC CER 56289 C023A1025103NS38 
0150-0012 3 CAPACITOR~FXD .O1UF #-20% 1KVYDC CER 56289 CO2IA1025103NS38 
2110-0001 8 FUSE 1A 250V NTD 1.25 UL 7591S 312001 
21109-0012 1 FUSE .SA 250V NTD 1.2 S UL 28480 2110-0012 
250-1559 7 ADAPTER-COAX STR F-EBNC F-RCA-PHONO 28400 
: 7 ADAPTER-COAX STR F-BNC F-RCA-PHONO 28480 
vs ADAPTER-COAX STR F-BNC F-RCA-PHONO 28480 250-1558 
1250-1558 7 ADAPTER-COAX STR F-BNC F-RCA~PHONO 28480 1250-1558 
1250-1558 7 ADAPTER-COAX STR F-BNC F.RCA~PHONO 28450 250-1558 
1259-1558 7 ADAP TER~COAX STR F -BNC F -RCA-PHONO 28489 1250-1558 
1250-1558 7 ADAPTER-COAX STR F-BNC F-RCA~PHONO 28480 @ 
1250-1558 Ye ADAPTER~COAX STR F-BNC F-RCA-PHONO 28460 12 
1250-1558 ADAPTER-COAX STR F-EBNC F-RCA~PHONO 23.480 1250-1558 
1250-1558 7 ADAPTER-COAX STR F-BNC F -RCA~PHONO 284990 1250-1558 
& J 1250-1558 Ma ADAPTER-COAX STR F- BNC F-RCA-PHONO 28480 250-1553 
1250-155) 7 ADAP TER-COAX STR F-BNC F -RCA~PHONO 28480 1250-1558 
03325-04301 | 6 1 PNL-DRESS 28480 03325-04301 
5040-6928 4 1 DIVIDER STRIP 28480 5040-6928 
03325-29301 | 8 1 WINDOW 28480 03325-29301 
03325-00201 7 1 SUB PNL-FRT 28480 03325-00201 
5020-8863 6 1 FRONT FRAME 28480 5020-8903 
5040-7202 YY, 1 TRIM TOP 28480 5040-7202 
5020-8937 r) 4 CORNER STRUT 28480 5020-8837 
5060-97880 S 2 SIDE COVER 28480 5060-9880 
5040-7219 8 2 STRAP HDL CAP-FR 28480 5040-7219 
50609804 3 2 STRAP HDL 181N 28480 5069-9804 
5040-7220 1 2 STRAP HDL CAP-R 28480 5040-722 
5060-9835 0 1 TOP COVER 28480 5960-9835 
03325-00202 | 8 1 PNL-REAR 28480 03325-00202 
5020-8804 ‘3 1 REAR -CASTING 28480 50920 -8804 
03325-06602 | 4 1 FRAME-MAIN 28480 03325-06602 
5001-0439 8 1 SIDE TRIM 28480 5001-04397 
$0 60-9347 4 1 BOTTOM COVER 28480 5860-9847 
5040-7201 8 1 FOOT 28480 5040-7201 
1460-1345 i) a TILT STAND SST 28480 1460-1345 
93325-21101 | 9 1 HEAT SINK 28489 03325-21101 
150-0228 6 4 FILTER SCREEN STEEL 3,.44-WD 3.44-LG 28480 3150-0229 
3150-0227 3 1 INSULATION-POLYE .25-THK 28480 3150-0227 
3160-0201 6 1 FAN GRILLE 28480 3160-0201 
1400-1229 8 S CLAMP-CABLE .375-DIA 1-WD NYL 28480 1490-1229 
MP 26 5040-6898 Zz 3 LITE PIPE 28480 5040-6893 
MP27 00310-48801 0 20 WASHER, SHOULDERED 28480 00310-48801 
MP 28 3050-0604 i) WASHER-FL MTLC 7/16 IN .S-IN-ID 28480 3050-0604 
MP 29 0360-1089 1 TERMINAL-SLDR LUG PL-MTG FOR--#1/2-SCR 28480 0340-1089 
MP 32 0510-0153 7 THREADED INSERT-NUT 6-32 .058-IN-LG SST 28480 0519-0153 
MP 3S 0340-0564 3 INSULATOR-XSTR THRM-CNDCT 28480 0340-0554 
MP 34 03325-00601 | 1 SHIELD -RF 28480 03325-09601 
R14 0683-1015 7 RESISTOR 100 5% ,25W FC TC=-4007+500 01121 CBi015 
Ti 9100-4099 8 TRANSFORMER -POWER 100/120/7220/240 VAC 28480 9100-4099 
Wt 03325-61602 CBL ASSY-SIGNAL 28480 03325-61602 
w2 03325-61617 CBL ASSY-SYNC 28430 03325-61617 
QO 03325-61601 CABLE ASSY - 20~60 REAR 28480 P/O 03325-61601 
8120-2585 UNMARKED W3 28480 8120-2585 
W4 /Q 03325-61601 CABLE ASSY ~- 0~20 REAR 28480 P/O 03325-61601 
ee 8120-2585 UNMARKED W4 23480 8120-2585 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts e 


Reference HP Part 
Designation | Number 


0 03325-61601 
8120-2535 
8120-2491 

O 63325-61601 
8120-2585 


Description Mfr Part Number 


CABLE ASSY-REAR SYNC 23489 P/N 03325-61651 
UNMARKED WS 28480 8126-2595 
CABLE ASSY 24AWG 24-CNDCT 28480 8120-2491 
CABLE ASSY-AMPTD MOD 28480 P/O 03325-61601 
UNMARKED W7 28480 6120-2585 


bore aoe 


Q 03325-61601 
8120-2585 

Q 63325-61601 
8120-2587 

0 03325-61601 
8120-2587 


CADLE ASSY - 100KHZ 28480 P/O 03325-41601 
UNMARKED WB 28480 8120-2585 
CABLE ASSY-2 MHZ 28480 P/O 03325-61601 
UNMARKED W9 23480 6120-2587 
CABLE ASSY — 1MHZ 28480 P/O 03325-61601 
UNMARKED W19 28480 3120-2587 


Sonone.r 


O 03325-61601 
8120-2586 
03325-61604 
03325-61619 
03325-61620 


CABLE ASSY-EXTREF 28480 P/O 03325-61601 
UNMARKED W11 28480 8120-2586 

CBL ASSY-Z BLK 28480 03325-61604 

CEL ASSY-MKR 28430 03325-61619 
CBL. ASSY 28480 03325-61620 


03325-61606 
03325-61607 
03325-61608 
03325-61609 
0332561610 


CBL ASSY-VTO 29430 93325-61606 
CBL ASSY-6M 28480 03325-61607 
CBL ASSY-PHASE DET 28480 03325-61608 
CBL ASSY-SAH 28480 02325-61609 
CABLE ASSY-OVEN 28480 03325 -61610 


ONGEMN dD NOM ae 


CAFLE ASSY - HI V1 28480 03525-61605 
CABLE ASSY ~- HI Ve 28480 03325-61621 
CEL ASSY-PWR CON 28480 03325-61611 
CEL ASSY-ALC 28430 03325-61603 
CEL ASSY-MXR 28480 03325-61618 


03325-61605 
93325-61621 
03325-61611 
03325-61603 
03325-61618 


CBL ASSY-FAN 28480 93325-61612 
CBL ASSY-HPTE 28480 03325-61613 
CEL ASSY-KEYBD 28489 93325-61614 
CABLE ASSY-HIGH AMP POWER (OP 002) 23480 P/O 9100-4099 
CABILE ASSY-OVEN POWER (OP 091) 28480 03325-61616 
FLAT RIBBON ASSY 28-AWG 14- COND 28480 9120-3216 
FLAT RIBBON ASSY 28-AWG 21-COND S-1N-LG 2B4B0 8120-3108 


03325-61612 
03325-61613 
03325-61614 
P/O 97100-4099 
03325 -61616 
8120-3216 
8120-3108 


Notreudn Oe wtl 


FLAT RIBBON ASSY 28-AWG 21~-COND S~IN-LG 28480 8120-3108 
FLAT RIBEON ASSY 28-AWG 21-COND 5~1N-LG 28480 6120-3108 
CABLE ASSY 19AWG 3-CNDCT BLK-JKT 28480 8120-1348 
CRL ASSY-COMPLETE INCLUDES W3, 4, 5, 7, 28480 03325-61601 
8, 9, 10, 11 


8120-3108 
8120-3108 
8120-1348 
03325-61601 


wuse 


CABLE ASSY 415 28480 03325-61622 
CABLE ASSY +15V UNREG 28480 03325-61623 
CEL ASSY-CUTPUT 28480 03325--61623 


03325-61622 
03325-61623 
03325-61623 


an, 


2110-0545 FUSEHOLDER CAP BAYONET; 6.3A, 250V MAX 29480 2110-0545 


a on 


FUSEHOLDER BODY EXTR PST; BAYONET; TND 28480 2119-0543 


2110-0543 


WASHER SHLDR 28480 00310-48001 
COVER 28480 03325-04105 
OP/SVC MANL~A 28480 03325-90002 
OP MANL-A 28480 93325--90013 
TERMINAL-SLDR LUG PL-MTG FOR-#6-SCR 28480 0360-1618 


00310-49901 
03325-04105 
03325-90002 
03325-90013 
0360-1610 


Re oe 


RIVET- -SEMI-~TUBULAR 28480 0361-0011 
STANDOFF-RVT-ON .25-IN°-LG G-32THD ocooc ORDER BY DESCRIPTION 
STANDOFF-HEX .327-IN-LG 6-32THD 00000 ORDER BY DESCRIPTION 
TAPE-INDL .S-IN-W .0035-IN-T POLYE-FLM 28480 0460-1336 
NUT-THUMB 6-32-THD GRS 28480 0590-0167 


0361-0011 
0380-0111 
0380-0644 
0460-1336 
0590-0167 


> 


KFWbrbov rouge 
wo 2-NON 


THREADED INSERT-NUT 4-40 .062-IN-LG 28480 0590-0343 
SCREW-TPG 6-32 .S-IN-LG PAN-HD-POZI STL 28480 0624-0208 
SCREW-TPG 4-40 .25-IN-LG PAN-HD-POZI STL ooco0 ORDER BY DESCRIPTION 
SLEEVING-FLEX .04-ID NEMA-3 .016-WALL 28480 0899-0012 
TUBING-HS .093-D/.046-RCVD .02- WALL ooo00 ORDER BY DESCRIPTION 


0590-0343 
0624-0208 
0624-0227 
08690-0012 
0890-0870 


= 


ee 


HEAT SINK 28480 1295-0356 
CABLE TIE .062-.625-DIA .091-WD NYL 06383 PLT1M-8 

CABLE TIE .062-1.125-DIA .14-WD NYL 28480 1400-0719 
WASHER-LK HLCL NO. 5 .128-IN-ID 28490 2190-0020 
WASHER-LK HLCL NO. 10 .194-IN-ID 28480 2190-0034 


1205-0356 
1400-0249 
1400-0719 
2190-0020 
2190-0034 


~ 
NN oe 


WASHER-LK HLCL NO. 8 .169~-IN-ID 28480 2190-0073 
WASHER -LK INTL T 1/2 IN ,64-IN~-ID 28480 2190-0575 
WASHER-LK HLCL NO. 6 .141~-IN-ID 23480 2190-0918 
SCREW-MACH 4-40 .18G-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION 
SCREW-MACH 4-40 ,25-IN-LG PAN-HD~POZI 28490 2200-0103 


2190-0073 
2190-0575 
2190-0918 
2200-0101 
2200-0103 


HOeob 


Norvn usvonr weNou 
_ 


SCREW-MACH 4-40 1,.25-IN-LG PAN-HD-POZI o0000 ORDER BY DESCRIPTION 
SCREW-MACH 6°32 .25-IN-LG PAN-HD-POZI oo0co0 ORDER DESCRIPTION 
SCREW-MACH 6-32 .25-IN-LG 82 DEG 90009 ORDER DESCRIPTION 
SCREW-MACH 6-32 .25-IN-LG 82 DEG oooce ORDER DESCRIPTION 
SCREW-MACH 6-32 .312-IN-LG PAN-HD-POZI 00000 GRDER RY DESCRIPTION 


2200-0123 
2360-0113 
2360-0114 
2360-0114 
2360-0115 


SCREW-MACH 6-32 .75-IN-LG& PAN-HD-POZI 00000 ORDER DESCRIPTION 
SCREW-MACH 6-32 .5-IN-LG PAN-HD-POZI 00000 ORDER DESCRIPTION 
NUT-HEX-DBL-CHAM 6-32-THD .109-IN-THK 28480 2420-0002 

SCREW-MACH 8-32 .25-IN-LG 100 DEG 90000 ORDER BY DESCRIPTION 
NUT-HEX~DBL-CHAM 8-32-THD .125~-IN-THK ooo00 ORDER BY DESCRIPTION 


2360-0125 
2360-0201 
2420-0002 
2510-0192 
2590-0004 


coeowue PUudnrma 


See introduction to this section for ordering information 
*Indicates factory selected value 
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ee eee 


Replaceable Parts 


Reference 
Designation 


3050-0027 
3050-0066 
3050-0716 
3050-0835 
6960-0027 


7120-6482 
7120-8539 
9211-2257 
9282-0906 
JUMPER 


LUG-~JUMPER 


wouao- 


om sn 


> 


Table 6-3. Replaceable Parts 


Description 


WASHER-FL MTLC NO. 10 .203-IN-ID 

WASHER FL MTLC NO. 6 .147-IN-ID 
WASHER-FL MTLC NO. 5 .128~IN- ID 
WASHER-FL NM 9/16 IN .63-IN-ID .75~-IN-OD 
PLUG-HOLE .625 


LABEL~INFORMATION ,875~-IN-WD 1,.725-IN-LG 
LAGEL-WARNING 1,3-IN-WD 1,.6-IN-LG VINYL 
CARTON-CORR RSC 26.75-IN-LG 24,75-IN-WD 
CHANNEL W/ELASTIC GRIP .S-IN-WD 

CUT JUMPER 


CUT JUMPER 


See introduction to this section for ordering information 
*Indicates factory selected value 


Replaceable Parts 


Mfr Part Number 


3050-0027 
3950-0066 
3050-0716 
3950-0835 
6960-0027 


7120-6482 
7120-8559 
9Q11-2257 
9282-0906 
JUMPER 


LUG-JUMPER 
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MP28 
OR 
MP27 MP29 


MP 4 


TOP VIEW 


MP3 


MP 2 


BOTTOM VIEW 


MP 20 


Figure 6-1. Location of Parts. 
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SECTION Vil 
MANUAL BACKDATING 


7-1. Introduction. 


7-2. The contents of this manual apply to all instruments. Earlier versions of this instrument, however, 
differ in design and appearance from those currently being produced. The information in this section 
documents the earlier instrument configurations and associated servicing procedures. Also included 
is information on recommended modifications for improvements to earlier instruments. 


The following backdating information is organized by service group with 4ll applicable information 
placed together for easy reference. Refer to Table 7-1 for a listing of the 3325A PC assemblies and 
their current (May 1984) revision. 


7-3. Format. 


& 7-4. Design, component, and documentation changes to this instrument are identified by a A symbol. 
The numbered delta in the text or on a schematic corresponds to the numbered delta shown in the 
heading that precedes the backdating information for that particular service group. When a delta symbol 
is encountered, the technician should first refer to the corresponding service group in this section. 
Once there, locate the page number where the delta symbol was found and determine if the change 
applies by checking the instrument’s serial number against the range given. 


7-5. Change Sheets and Service Notes. 


7-6. As HP continues to improve the performance of the 3325A, corrections and modifications to 
the manual may be required. These changes are documented in a yellow ‘‘MANUAL CHANGES’’ 
supplement. In order to keep the manual up to date, one should periodically request the most recent 
supplement which is available from the nearest HP Sales and Service Office. 


7-7. The instrument related service note is a publication directed toward qualified service personnel 
and is available to all HP Service Centers and customers. The service note conveys service-related 
information that is intended to increase the reliability, improve the performance, and extend the use- 
fulness of your HP instrument. Copies of available service notes can be obtained from your nearest 
HP Sales and Service Office listed at the back of this manual. 


7-1 


Service 


7-2 


Model 3325A 


Table 7-1. 3325A Circuit Boards Revisions. 


Reference Service 
Assembly Designator Group(s) Revision 


03325-66502 


03325-66503 
03325-66505 
03325-66506 
03325-66508 
03325-66509 


03325-66514 1,J,K,L,N 


03325-66521 D,E,F 


03325-66523 **** L 


* 03325-66508 is the High Voltage Output Option (Opt. 002) 
* 03325-66509 is the High Stability Frequency Reference Option (Opt. 001) 


** In 3325A’s with serial number 1748A01900 or below, the part number for this assembly was 
03325-66504 (A4). 


*** In 3325A’s with serial number 1748A02475 or below, the part number for this assembly was 
03325-66501 (A1). 


**** In 3325A’s with serial number 1748A00700 or below, the part number for this assembly was 
03325-66507 (A7). 


7-8. Backdating Information. 
7-9. Service Group A - Keyboard and Display (03325-66505) A1. 


7-10. A5 - Past to Present. Table 7-2 briefly summarizes the engineering effort that has brought A5 
to its current revision. 


Table 7-2. A5 Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 
A5 - RevA 1748A00101 - 1748A02911 


- Rev B 1748A02912 - 1748A03725 went Rev B when board was 
modified to simplify manuf. proce- 
dure. No circuit or layout changes. 


1748A03726 - Present went Rev C when PC traces were 
moved. No circuit or comp. layout 
changes. 


* Note that all serial number ranges are approximate. 


Model 3325A 


7-11. All AS board revisions are identical in design and component layout. 
7-12. Service Group B - HP-IB Circuits (P/O 03325-66506) A2. 


7-13. A6 - Past to Present. Table 7-3 briefly summarizes the engineering effort that has brought A6 
to its current revision. 


Table 7-3. AG Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 


1748A00101 - 1748A00130 = 


1748A00131 - 1748A00230 went Rev B when test points were 
added. 


1748A00231 - Present went Rev C when design changes 


were made to improve pP interrupt 
ckty. See Service Group C. 


* Note that all serial number ranges are approximate. 


7-14. There have been no design or component layout changes to the HP-IB section of the A6 assembly. 


If the A6 assembly (03325-66506) is replaced in instruments with serial number 1748A04250 or below, 
there may be a compatibility problem between the older cables used in the instrument and the connec- 
tors on the new board. Refer to paragraph 8-113 in Section VIII if replacement of A6 is necessary. 


7-15. Service Group C - Control Circuits (P/O 03325-66506) A2. 


7-16. A6 - Past to Present. Table 7-4 briefly summarizes the engineering effort that has brought A6 
to its current revision. 


Table 7-4. AG Board Revisions. 
Board Instruments Shipped Board 
Revision With This Revision* Changes 
A6 - RevA 1748A00101 - 1748A00130 — 


- Rev B 1748A00131 - 1748A00230 went Rev B when test points were 
added. 


- RevC 1748A00231 - Present went Rev C when design changes 


were made to improve pP interrupt 
ckty. 


* Note that all serial number ranges are approximate. 


7-17. The following backdating information pertains to the Control Circuits portion of the A6 assembly. 


A2 - Page 8-C-37, Figure 8-36. 


Affected instruments: serial numbers 1748A00230 and below. 


Service 


Se aaa ae aaa 


Service Model 3325A 


The above range of instruments do not have R2 (7.5kQ p/n 0683-7525), CR2 (p/n 1901-0040), or 
C7 (0.01yF p/n 0160-3847). These instruments also contain the following processor interrupt circuitry 
involving U42 and U34. 


U9 
Proce ssoR 
IF U9 IS RERLACED SEE 
SERVICING INFO, 


~\4 Mz CLOCK 
FRon UISG@) 


2 MHZ CLOCK 0 
HACHIKE -TO- PROCESSOR — FROM UIS.e) TAS 
BUFFER 5 


Eee ws CORES —___— 


RG ioK 


Figure 7-1. Processor Interrupt Circuitry (Serial Numbers 1748A00230 and Below’). 
* All part numbers remain the same. 


A2 Page 8-C-37, Figure 8-36. 


Affected instruments: serial numbers 1748A02600 and below. 


The above range of instruments contain resistors R11 and R12 (p/n 0683-1825). See Figure 7-2 for 
schematic and board location. 


rn 
= f32= 


~C3i~ 
TPs) ; ; , 
@ 3 34) 35 


Figure 7-2. Schematic and Board Location of R11 and R12 (Serial Numbers 1748A02600 and below). 


Model 3325A 


A2 - Page 8-B-11, 8-C-37, Figure 8-32, 8-36. 
Affected instruments: serial numbers 1748A04250 and below. 


Instruments in the above range may have an A6 board which contains connectors J2, J3, J4, (p/n 
1251-4494) for use with cables W31, W32, W33 (p/n 8120-2577). These older (black) connectors and 
(white) cables have been replaced on newer boards by more reliable connectors (orange - p/n 1251-6567) 
and cables (gray - 8120-3108). The newer connectors are incompatible with the older cables as are 
the newer cables incompatible with the older connectors. If the A6 board in the above instruments 
is replaced, the connectors on the older destination assemblies (A3, A14(4), A21(1)) will have to be 
changed also. See paragraph 8-113 in Section VIII for more information. 


Note also that on the older A6 boards used in the above instruments, cable W36 (p/n 03325-61622) 
was used to carry supply current to the A14(4) board in parallel with W33. With the newer cables 
on the newer boards, W36 is not needed. However, if one chooses to modify the newer board to use 
the older (1251-4494) connectors and cables (8120-2577), W36 is required. 


A2 - Page 8-C-37, Figure 8-36. 
Affected instruments: All 


Due to earlier fabrication processes, it was necessary to pad the value of A6R8 in order to set the 
nanoprocessor’s (A6U9) backgate voltage (V,,,) to the voltage stamped on the processor. Briefly, 
processors stamped with the following voltages require the corresponding padded values for A6R8: 


Vig AGR8* -hp- Part Number 
—2.0V 34.8k 0757-0123 
—2.5V 26.7k 0698-4488 
—3.0V 21.5k 0757-0199 
—3.5V 17.4k 0698-4482 
—4.0V 14.7k 0698-3156 
—4.5V 12.7k 0698-3359 
—5.0V 9.53k 0698-4020 


Note that the nanoprocessor’s fabrication process has been controlled to the extent that V,,, on all 
processors is now —5.0V. Therefore, if A6U9 is replaced (p/n 1820-1691), insure that A6R8 is 9.53kQ. 


7-18. Service Group D - Voltage Controlled Oscillator Shield (P/O 03325-66521) A3. 


7-19. A21 - Past to Present. Table 7-5 summarizes the engineering changes that have brought A21 
to its current revision. 


Service 


7-5 


Service Model 3325A 


Table 7-5. A21(A1) Board Revisions. 


Board Instruments Shipped Board @ 
Revision With This Revision* Changes 


1748A00101 - 1748A00230 - 


1748A00231 - 1748A02475 went Rev B when U25 and assoc. 
ckty were added to reclock HINV 
to the Frac. N IC. See Svc. Grp. E. 


A21 -RevA 1748A02476 - 1748A02600 went A21 Rev A following rede- 
sign and layout of the VCO, plus 


mod. to the S/H ckty. See Svc. 
Grps. D, E, F. 


1748A02601 - 1748A07390 Rev B boards are identical to Rev 
A, with the exception of PC trace 
location. 


1748A07391 - Present went Rev C following mod. to 
VCO ckty. See Svc. Grp. D. 


* Note that all serial number ranges are approximate. 


7-20. The following backdating information pertains to the VCO portion of the A21(A1) assembly. 


A3 - Page 8-D-7/8-D-8, Figure 8-37. 


Affected instruments: serial numbers 1748A02475 and below. 


The above range of instruments contain an 03325-66501 assembly with the VCO design and layout 
shown in Figure 7-3. Note that in instruments with serial numbers 1748A00231 to 1748A02475, A1C177 
is tied to +SV. 


crie4 CI73 
CRIGE Had 


Figure 7-3. VCO Circuitry - Serial Numbers 1748A02475 And Below. 
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A3 - Page 8-D-7/8-D-8, Figure 8-37. 
Affected instruments: serial numbers 1748A02476 to 1748A03225. 


The preceding range of instruments contain the VCO circuitry shown in Figure 7-4, but do not have 
R216. 


A3 - Page 8-D-7/8-D-8, Figure 8-37. 
Affected instruments: serial numbers 1748A03226 to 1748A07390. 


The preceding range of instruments contain the VCO circuitry shown in Figure 7-4. 


VOLTAGE CONTROLLED OSCILLATOR 


a - o‘( 
415 30-60 MHZ 


$ R186 Rie4 C174 
511 1K: 1009F 
sv 


ci76 +4173 4162 R216 . 
R173 01 22 “O41 3. 16K CR163 bese 
100K Y 0165 


NY, 
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C161 100 


#33 il Opt 
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01 ft ask 


VCO ADJ. 
297-363uH 

c177_Lci63 ¢R1396 

.01 i 27. 4K 


” Tiegiteniae 
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-" te ci76 R200 
470pf 51.1 


Figure 7-4. VCO Circuitry - Serial Numbers 1748A03226 to 1748A07390. 


For instruments with serial numbers 1748A02476 to 1748A04675, refer to Service Note 3325A-9 if 
necessary for a modification procedure to prevent oscillator failures. 


A3 - Page 8-D-7/8-D-8, Figure 8-37. 
Affected instruments: serial numbers 1748A04250 and below. 


Instruments in the preceding range may have an A21(A1) board which contains connector J1 (p/n 
1251-4494) for use with cable W31 (p/n 8120-2577). The older (black) connector and (white) cable 
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable 
(gray - p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer 
cables incompatible with the older connectors. If the A21(A1) assembly is replaced in one of the above 
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cable 
compatibility. 


7-21. Service Group E - + N.F Counter (P/O 03325-66521) A3. 


7-22. A21 Past To Present. Table 7-6 summarizes the engineering changes that have brought A21 
to its current revision. 


Service 
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Service Model 3325A 


Table 7-6. A21(A1) Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 
Al - RevA 1748A00101 - 1748A00230 — 


- Rev B 1748A00231 - 1748A02475 went Rev B when U25 and assoc. 


ckty were added to reclock HINV 
to the Frac. N IC. See Svc. Grp. E. 


A21 - RevA 1748A02476 - 1748A02600 went A21 Rev A following rede- 


sign and layout of the VCO, plus 
mod. to the S/H ckty. See Svc. 
Grps. D, E, F. 


1748A02601 - 1748A07390 Rev B boards are identical to Rev 


A, with the exception of PC trace 
location. 


1748A07391 - Present went Rev C following mod. to 
VCO ckty. See Svc. Grp. D. 


*Note that all serial number ranges are approximate. 


7-23. The following backdating information pertains to the + N.F Counter portion of the A21(A1) 
assembly. 


A3 - Page 8-E-3/8-E-4, Figure 8-38. 
Affected instruments: serial numbers 1748A0230 and below. 
The above range of instruments contain the HINV clocking circuitry shown in Figure 7-5. 


Note — the -hp- part number for US is 1820-1112. 


Figure 7-5. HINV Clocking Circuitry - Serial Numbers 1748A00230 And Below. 
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A3 - Page 8-E-3/8-E-4, Figure 8-38. 

Affected instruments: serial numbers 1748A01200 and below. 
The preceding range of instruments do not have R146. 

A3 - Page 8-E-3/8-E-4, Figure 8-38. 

Affected instruments serial numbers 1748A02475 and below. 


The preceding range of instruments contain the U8 gating circuitry shown in Figure 7-6. 


aa Ono /evenr” 
oes LATOR \ 


Figure 7-6. A21U8 Gating Circuitry - Serial Numbers 1748A02475 and Below. 
A3 - Page 8-E-3/8-E-4, Figure 8-38. 
Affected instruments: serial numbers 1748A02476 to 1748A07390. 


The above range of instruments contain the U8 gating circuitry shown in Figure 7-7. 


+2/+3 TO REMOVE A VCO CYCLE 
+3 WHEN A IS HIGH 


PULSE REMOVE 


“7 TIMING LATCHES 
Figure 7-7. A21U8 Gating Circuitry - Serial Numbers 1748A02476 to 1748A07390. 
A3 - Page 8-E-3/8-E-4, Figure 8-38. 
Affected instruments: serial numbers 1748A04250 and below. 


Instruments in the preceding range may have an A21(A1) board which contains connector J1 (p/n 
1251-4494) for use with cable W31 (p/n 8120-2577). The older (black) connector and (white) cable 
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable 
(gray - p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer 
cables incompatible with the older connectors. If the A21(A1) assembly is replaced in one of the above 
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cable 
compatibility. 


Service 
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7-24. Service Group F - Fractional N Analog Circuits (P/O 03325-66521) A3. 


7-25. A21 Past To Present. Table 7-7 summarizes the engineering changes that have brought A21 
to its current revision. 


Table 7-7. A21(A1) Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 
Ai - RevA 1748A00101 - 1748A00230 _— 


- Rev B 1748A00231 - 1748A02475 went Rev B when U25 and assoc. 
ckty were added to reclock HINV 
to the Frac. N IC. See Svc. Grp. E. 


A21-RevA 1748A02476 - 1748A02600 went A21 Rev A following rede- 
sign and layout of the VCO, plus 


mod. to the S/H ckty. See Svc. 
Grps: ‘DB; E, F. 


1748A02601 - 1748A07390 Rev B boards are identical to Rev 
A, with the exception of PC trace 
location. 


1748A07391 - Present went Rev C following mod. to 
VCO ckty. See Svc. Grp. D. 


* Note that all serial number ranges are approximate. 


7-26. The following backdating information pertains to the Fractional N Analog Circuits portion of 
the A21(A1) assembly. 


A3 - Page 8-F-5/8-F-6, Figure 8-39. 
Affected instruments: serial numbers 1748A02475 and below. 


This range of instruments contain the integrator and phase modulation circuitry shown in Figure 7-8. 


Figure 7-8. Integrator and Phase Modulation Circuitry - Serial Numbers 1748A02475 and Below. 


Model 3325A Service 


This same range of instruments contain the Sample/Hold circuitry shown in Figure 7-9. 


sy | [_—————$—$—<—— Sanpre/ OLD ———"_ | 


reso 


= PHASE MODULATION Vv. 


Figure 7-9. Sample/Hold Circuitry (Serial Numbers 1748A02475 and Below). 


In the Sample/Hold Circuitry of Figure 7-9, R107 may be one of the following padded values: 


750Q 0757-0420 
3740 0698-4452 
13302 0757-0317 
20000 0757-0283 


A3 - Page 8-F-5/8-F-6, Figure 8-39. 

Affected instruments: serial numbers 1748A02850 and Below. 

These instruments do not have C33. C33 was added to reduce Fractional N spurs at 20MHz. 
A3 - Page 8-F-5/8-F-6, Figure 8-39. 

Affected instruments: serial numbers 1748A02476 to 1748A07390. 


These instruments contain the Sample/Hold circuitry shown in Figure 8-39. These instruments do 
not, however, have CR20. 


A3 - Page 8-F-5/8-F-6, Figure 8-39. 


Affected instruments: serial numbers 1748A04250 and below. 


Instruments in this range may have an A21(A1) board which contains connector J1 (1251-4494) for 
use with cable W31 (p/n 8120-2577). The older (black) connector and (white) cable have been replaced 
on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - p/n 8120-3108). 
The newer connectors are incompatible with the older cables as are the newer cables incompatible 
with the older connectors. If the A21(A1) assembly is replaced in one of the above instruments, refer 
to paragraph 8-113 in Section VIII for additional information on connector/cable compatibility. 
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7-27. Service Groups D and G - VCO Buffer (P/O 03325-66503), 30MHz Reference and Dividers 
(P/O 03325-66503) A4. 


7-28. A3 - Past to Present. Table 7-8 briefly summarizes the engineering changes that have brought 
A3 to its current revision. 


Table 7-8. A3 Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 


1748A00101 - 1748A00470 - 


1748A00471 - 1748A04675 went Rev B with modification to 
20MHz LPF. See Svc. Grp. H. 


1748A04676 - Present went Rev C when modifications 
were made to the mixer driver and 
multiplier ckty. 


* Note that all serial number ranges are approximate. 


7-29. There is no backdating information for the A3 VCO Buffer circuitry at this time. 


7-30. The following backdating information pertains to the 30MHz reference and divider portion of 
the A3 assembly. 


A4 - Page 8-G-3/8-G-4, Figure 8-40. 
Affected instruments: serial numbers 1748A00620 and below. 


The preceding range of instruments contain the biasing circuitry for U14 shown in Figure 7-10. Com- 
ponents unique to this design include: 


A3R71 10kQ p/n 0683-1035 A3R74 10kQ p/n 0683-1035 A3R89 4.7kQ p/n 0683-4725 


Figure 7-10. U14 Biasing Circuitry (Serial Numbers 1748A00620 and Below). 
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& A4 - Page 8-G-3/8-G-4, Figure 8-40. 
Affected instruments: serial numbers 1748A02600 and below. 
The preceding instruments do not have C20. 
A4 - Page 8-G-3/8-G-4, Figure 8-40. 


Affected instruments: serial numbers 1748A04675 and below. 


The preceding range of instruments contain the sine amplitude control and amplitude modulation 
circuitry shown in Figure 7-11. These instruments also do not have A3R85 or A3R90 (see Figure 8-40). 
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Figure 7-11. Sine Amplitude Control and Amplitude Modulation Circuitry (Serial Numbers 1748404675 
and Below). 


A4 - Page 5-3, paragraph 5-13. 


Affected instruments: serial numbers 1748A04675 and below. 


For these instruments, the following Amplitude Calibration adjustment procedure should be used. 


Equipment Required: b. Disconnect cable W7 from A3J7. 

Oscilloscope (-hp- Model 1740A) 

10:1 Oscilloscope Probe (-hp- Model 10041A) CAUTION 

DC Power Supply (-hp- Model 6214A) 

Oscillator (-hp- Model 204C) Do not allow disconnected cable con- 

AC Digital Voltmeter (-hp- Model 3466A) nectors to contact the printed circuit 

board or components, or circuits may 

a. Set the 3325A as follows: be damaged. 

BUNCHON oicnieeers ears cosas che rosie ee Sine c. Adjust the dec power supply output to approx- 
@& BECQUENGY sissies e oere eyeislae wie wis ew eres) o's 1kHz imately +3V and connect between the center 

Amplitude ccc nace cance eee eee 1Vp-p contact of A3J7 and ground. 

WGOlisetasetn ar tree cea re ImV 

Amplitude Modulation ................. On d. Disconnect cable W23 from A3J23. 


Service 


e. Measure the oscillator (-hp- 204C) output with 
the ac digital voltmeter and adjust the output lev- 
el to approximately 1Vrms at a frequency of 
1kHz. Connect the oscillator output between the 
center contact of A3J23 and ground. 


f. Connect the oscilloscope through a 10:1 probe 
to A3TP4. Set the oscilloscope input to ac cou- 
pled, sweep to Ims/div. 


Model 3325A 


i. Adjust Offset Out (A3R68) to return the os- 
cilloscope trace to the center line (OVdc). 


j. Disconnect the dc power supply and the oscil- 
lator and reconnect cables W7 and W23. 


k. Set 3325A amplitude modulation off. 


1, Connect an ac digital voltmeter to the 3325A 


signal output. 
g. Adjust the dc power supply output voltage to 
null out the sine wave signal on the display. 
(Change the oscilloscope vertical gain as neces- 
sary to observe the signal.) 


m. Press the AMPTD CAL key. 


n. Adjust Offset In (A3R33) for a voltmeter 
reading of 0.707Vrms. 

h. Ground the oscilloscope input and zero the 
trace on the center line. Set the input to dc 
coupled. 


o. Repeat steps m and n until the output voltage 
of 0.707Vrms does not change when the AMPTD 
CAL key is pressed. 


A4 - Page 8-G-3/8-G-4, Figure 8-40. 
Affected instruments: serial numbers 1748A04250 and below. 


Instruments in the preceding range may have an A3 assembly which contains connector J1 (p/n 
1251-4494) for use with cable W33 (p/n 8120-2577). The older (black) connector and (white) cable 
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable 
(gray - p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer 
cables incompatible with the older connectors. If the A3 assembly is replaced in one of the above 
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cable 
compatibility. 


7-31. Service Group H - Mixer (P/O 03325-66503) A4. 


7-32. A3 - Past to Present. Table 7-9 briefly summarizes the engineering changes that have brought 
A3 to it current revision. 


Table 7-9. A3 Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 
1748A00101 - 1748A00470 — 


1748A00471 - 1748A04675 went Rev B with modification to 
20MHz LPF. 
1748A04676 - Present went Rev C when modifications 


were made to the mixer driver and 


multiplier ckty. 


* Note that all serial number ranges are approximate. 
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7-33. The following backdating information pertains to the mixer portion of the A3 assembly. 
A4 - Page 8-H-3/8-H-4, Figure 8-41. 

Affected instruments: serial numbers 1748A00470 and below. 

Instruments in this range do not have A3R126 or A3C120. 

A4 - Page 8-H-3/8-H-4, Figure 8-41. 

Affected instruments: serial numbers 1748A04675 and below. 


These instruments contain the mixer driver circuitry shown in Figure 7-12. Note that the part number 
for A3U16 in this earlier design was 1858-0015. 
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Figure 7-12. Mixer Driver Circuitry (Serial Numbers 1748A04675 and Below). 


If reliability problems with U16 are encountered in these earlier instruments, refer to Service Note 
3325A-7. This service note describes a check of the mixer driver current and subsequent adjustment 
to reduce the current, thereby improving U16’s reliability. Note that the performance test steps and 
adjustments referred to in this service note may not correspond directly with the steps currently found 
in Sections IV and V. 


If status byte problems are encountered in instruments with serial number 1748A01300 and below, 
change C8 to a 22uF capacitor (p/n 0180-0228). 


7-34. Service Group | - D/A Converter And Sample/Hold (P/O 03325-66514) A5. 


7-35. A14 - Past To Present. Table 7-10 briefly summarizes the engineering and manufacturing changes 
that have brought A14(A4) to its current revision. 


Service 
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Table 7-10. A14(A4) Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 


A4 - Rev B** 1748A00101 - 1748A00190 — 


- Rev C 1748A00191 - 1748A00470 went Rev C following PC trace 
and manu. mods. 


- Rev D 1748A00471 - 1748A01075 went Rev D following manu. 
changes and the addition of 
CR108, CR109, and R55. 


1748A01076 - 1748A01900 went Rev E following mods. to the 
relay driver and dc offset control 
portion of A4. 


A14-RevA 1748A01901 - 1748A08790 went A14 Rev A when output 
amp (Svc. Grp. K) was re- 
designed. R142 was also added. 


1748A08791 - 1748A14537 went A14 Rev B with changes to 
dc offset and amptd. control cir- 
cuitry. 


1748A14538 - Present went A14 Rev C following PC 
trace mod. to level comp. (U42) 
ckty. 


* Note that all serial number ranges are approximate. 


** No A4 Rev A boards were ever produced. 


7-36. The following backdating information pertains to the DAC and Sample/Hold portion of A14(A4). 
AS - Page 8-I-5/8-I-6, Figure 8-42. 

Affected instruments: serial numbers 1748A00150 and below. 

These instruments do not have CR108. 

Affected instruments: serial numbers 1748A00470 and below. 

Instruments in this serial number range do not have CR109 or RSS. 

AS - Page 8-I-5/8-I-6, Figure 8-42. 

Affected instruments: serial numbers 1748A01900 and below. 


For instruments in this serial number range, R40 is 20kQ p/n 2100-0558. 


Affected instruments: serial numbers 1748A04250 and below. 


Instruments in this range may contain an A14(A4) board which contains connector J1 (p/n 1251-4494) 
for use with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been 
replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - 
p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer cables 
incompatible with the older connectors. If the A14(A4) assembly is replaced in one of the above in- 
struments, refer to paragraph 8-113 in Section VIII for additional replacement information. 


Model 3325A Service 


Note also that on the older A14(A4) boards, cable W36 was used to carry supply current from the 

@ A6 assembly to A14(A4). With the newer cables on the newer boards, W36 is not needed. However, 
if one chooses to modify a newer board to use the older (1251-4494) connectors and cables (8120-2577), 
W36 is required. 


7-37. Service Group J - Function Circuits (P/O 03325-66514) A5. 


7-38. Al4 - Past To Present. Table 7-11 briefly summarizes the engineering and manufacturing changes 
that have brought A14(A4) to its current revision. 


Table 7-11. A14(A4) Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 


A4 - Rev B** 1748A00101 - 1748A00190 - 


- Rev C 1748A00191 - 1748A00470 went Rev C following PC trace 
and manufacturing modifications. 


- Rev D 1748A00471 - 1748A01075 went Rev D following manuf. 
changes and the addition of 
CR108, CR109, and R55. 


1748A01076 - 1748A01900 went Rev E following mod. to the 
relay driver and dc offset control 
portion of A4. 


A14 - RevA 1748A01901 - 1748A08790 went A14 Rev A when output 
@ amp (Svc. Grp. K) was re- 
designed. R142 was also added. 


1748A08791 - 1748A14537 went Rev B with changes to dc 
offset and amptd. control circuitry. 


1748A14538 - Present went Rev C following PC trace 
mod. to level comparator (U42) 
ckty. 


* Note that all serial number ranges are approximate. 


** No A4 Rev A boards were ever produced. 


7-39. The following backdating information pertains to the function circuits portion of A14(4) 
AS - Page 8-J-7/8-J-8, Figure 8-43. 
Affected instruments: serial numbers 1748A00190 and below. 
These instruments do not have R220. R220 was added to increase the usefulness of the Amp-In test 
point by providing a load for current sources feeding the output amplifier. Voltages can then be meas- 
ured across this resistor. 
AS - Page 8-J-7/8-J-8, Figure 8-43. 

@ Affected instruments: serial numbers 1748A01075 and below. 


These instruments contain the dc offset control circuitry shown in Figure 7-13. 
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Figure 7-13. DC Offset Control (Serial Numbers 1748A01075 and Below). 


Affected instruments: serial numbers 1748A08790 to 1748A01076. 


These instruments contain the dc offset control circuitry shown in Figure 7-14. 


Figure 7-14. DC Offset Control (Serial Numbers 1748A08790 to 1748A01076). 


AS - Page 8-J-7/8-J-8, Figure 8-43. 


Affected instruments: serial numbers 1748A02350 and below. 


These instruments do not have CR110. See Service Note 3325A-5A for a modification procedure to 
improve square wave phase control in these instruments. 


Model 3325A 


A5 - Page 8-J-7/8-J-8, Figure 8-43. A5 - Page 5-5, paragraph 5-17. 


Affected instruments: serial numbers 1748A01900 and below. 


These instruments do not have R142. When performing the Amplitude Flatness adjustment, use the 


following procedure: 


Equipment Required: 


High Frequency Spectrum Analyzer (-hp- 
Model 141T/8552B/8553B/8566A/8568A) 


a. Set the 3325A as follows: 


FUNCHON hve. eee al ae meee ne Sine 
Amplitude@is ci c.ecicuisweieee ee eens 0.999Vp-p 
Sart Bredis sevccs ote caecas hetero oe sre eee 0.0Hz 
ers PRE occa ye inent ee 20MHz 
Marker Freqis 3 cas ac cascamatamnese antes 5MHz 
Sweep: Time aac mecascen seo meeoene 0.01s 


b. Connect the 3325A signal output to a high fre- 
quency spectrum analyzer (SOQinput). 


c. Press the START CONT key. 


d. Adjust the spectrum analyzer as follows: 


Center Frequency: viic<uiciomcineaee cs 10MHz 
Bandwidth cca encase wessaeeeeare ec 300kHz 
Scan. Widthis:s:. ose. asec rates ese 2MHz/div 
Input Attenuation cca nacce nese ees 40dB 
Base Line Clipper .................. — 60dB 
WideorBilter a acsct caer aoe eee Off 
Scan Time sas.d. cane sae ten cerenes 0.1s/div 


AS - Page 8-J-7/8-J-8, Figure 8-43. 


Woe Ref bevel! eisai terrax cistensrorcee cicine +20dBm 

10dB log 
WEP fie omar cies on eal beeen — 8dB 
Scan MOde) evccscwrse cave aches router aces voeneeet Int 
Scan rigs petz pesca eco sto alee Auto 


e. The spectrum analyzer should display the fre- 
quency sweep, at a level of approximately 
— 10dB. 


f. Change the spectrum analyzer Log Ref Level 
to 2dB log. 


g. Adjust FLT (A4C217) slightly for the most 
uniform level across the entire sweep, using a 
non-conductive tool. 


h. Disconnect the spectrum analyzer from the 
3325A output. 


Affected instruments: serial numbers 1748A05825 and below. 


These instruments contain the amplitude control circuitry shown in Figure 7-15. 
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Figure 7-15. Amplitude Control Circuitry (Serial Numbers 1748A05825 and below). 
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Affected instruments: serial numbers 1748A05826 to 1748A08790. 


These instruments contain the amplitude control circuitry shown in Figure 7-16. & 
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Figure 7-16. Amplitude Control Circuitry (Serial Numbers 1748A05826 to 1748A08790). 


AS - Page 8-J-7/8-J-8, Figure 8-43. 
Affected instruments: serial numbers 1748A08790 and below. 


These instruments do not have U36. In these instruments, pin 8 or 9 of U34 is connected to R10i 
via a jumper wire. 


AS - Page 8-J-7/8-J-8, Figure 8-43. 

Affected instruments: serial numbers 1748A08790 and below. 
Instruments in this serial number range do not have CR111 or R278. 
AS - Page 8-J-7/8-J-8, Figure 8-43. 

Affected instruments: serial numbers 1748A04250 and below. 


These instruments may have an A14(A4) board which contains connector J1 (p/n 1251-4494) for use 
with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been replaced 
on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - p/n 8120-3108). 
The new connectors are incompatible with the older cables as are the newer cables incompatible with 
the older connectors. If the A14(A4) assembly is replaced in one of the above instruments, refer to 
paragraph 8-113 in Section VIII for additional replacement information. 


7-40. Service Group K - Output Amplifier (P/O 03325-66514) A5. 


7-41. A14 - Past To Present. Table 7-12 briefly summarizes the engineering and manufacturing changes 
that have brought A14 to its current revision. 


7-42. The following backdating information pertains to the Output Amplifier portion of A14(A4). 
AS - Page 8-K-5/8-K-6, Figure 8-44. 


Affected instruments: serial numbers 1748A01900 and below. 


These instruments contain the output amplifier design shown in Figure 7-17. 
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Table 7-12. A14 (A4) Board Revisions. 


Service 


Board Instruments Shipped Board 
Revision With This Revision* Changes 


A4 - Rev B** 


- Rev C 


- Rev D 
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Figure 7-17. Output Amplifier (Serial Numbers 1748A01900 and below). 


© 23H 4594 45H 


1748A00101 - 1748A00190 


1748A00191 - 1748A00470 


1748A00471 - 1748A01075 


1748A01076 - 1748A01900 


1748A01901 - 1748A08790 


1748A08791 - 1748A14537 


1748A14538 - Present 


went Rev C following PC trace 
and manufacturing modifications. 


went Rev D following manuf. 
changes and the addition of 
CR108, CR109, and R55. 


went Rev E following mod. to the 
relay driver and dc offset control 
portion of A4. 


went A14 Rev A when output 
amp (Svc. Grp. K) was re- 
designed. R142 was also added. 


went Rev B with changes to dc 
offset and amptd. control circuitry. 


went Rev C following PC trace 
mod. to level comparator (U42) 
ckty. 


* Note that all serial number ranges are approximate. 


** No A4 Rev A boards were ever produced. 
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Affected instruments: serial numbers 1748A01900 to 1748A00190. 


Refer to Figure 7-17. Instruments in this range contain diodes CR222 and CR223 connected between 
pins 4 and 1 of A4U46. Note that the anode end of CR223 is connected to pin 4 and the anode end 
of CR222 is connected to pin 1. Referring again to Figure 7-17, these instruments also contain diodes 
CR224 and CR225. CR224 (cathode) is connected from the base of Q211 to the collector of Q211. 
CR225 (anode) is connected from the base of Q204 to the collector of Q204. Modify Figure 7-17 as 
necessary to show these components. 


A5 - Page 8-K-5/8-K-6, Figure 8-44. 
Affected instruments: serial numbers 1748A04250 and below. 


Instruments in this range may contain an A14(A4) board which has connector J1 (p/n 1251-4494) 
for use with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been 
replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - 
p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer cables 
incompatible with the older connectors. If the A14(A4) assembly is replaced in one of the above in- 
struments, refer to paragraph 8-113 in Section VIII for additional replacement information. 


7-43. Service Group L - Attenuator (03325-66523) and Relay Drivers (P/O 03325-66514) A5, A6. 


7-44. A23 - Past to Present. Table 7-13 briefly summarizes the engineering and manufacturing changes 
that have brought A23(A7) to its current revision. Refer to Tables 7-10, 7-11, 7-12, or 7-14 for revi- 
sion information on A14(A4). 


Table 7-13. A23(A7) Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 
A7 -RevA 1748A00101 - 1748A00540 — 


A23 - RevA 1748A00541 - 1748A00950 went A23 Rev A following design 
changes to improve the R/F perfor- 
mance of the atten. 


1748A00951 - Present went A23 Rev B following PC 
trace layout modification. 


* Note that all serial number ranges are approximate. 


7-45. The following backdating information pertains to the Attenuator assembly (03325-66523(07)). 
A6 - Page 8-L-3/8-L-4, Figure 8-45. 


Affected instruments: serial numbers 1748A00540 and below. 


Instruments in this serial number range do not have C15, C16, or C17. 


A6 - Page 8-L-3/8-L-4, Figure 8-45. 


Affected instruments: serial numbers 1748A04400 and below. 
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Instruments in this serial number range have an A23(A7) assembly which contains connector J30 (p/n 
1251-4390) for use with cable W30 (p/n 8120-2576). The older (black) connector and (white) cable 
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-5064) and cable 
(gray - p/n 8120-3216). The newer connector is incompatible with the older cable.as is the newer cable 
incompatible with the older connector. If the A23(A7) assembly is replaced in one of the above in- 
struments, refer to paragraph 8-113 in Section VIII. Note that similar connector/cable changes have 
been made to other assemblies beginning with serial number 1748A04250. 


7-46. The following backdating information pertains to the relay driver portion of A14(A4). 

AS - Page 8-L-3/8-L-4, Figure 8-45. 

Affected instruments: serial numbers 1748A01075 and below. 

Instruments in this serial number range contain the relay drive circuitry shown in Figure 7-18. Note 


that serial numbers 1748A01075 to 1748A00231 have a capacitor (C265 10uF p/n 0180-0374) shunt- 
ing R80. 


if Fron Uu29 < 
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Figure 7-18. Relay Drive Circuitry (Serial Numbers 1748A01075 and Below). 
AS - Page 8-L-3/8-L-4, Figure 8-45. 
Affected instruments: serial numbers 1748A04400 and below. 


Instruments in this range may have an A14(A4) board which contains connectors J1 (p/n 1251-4494) 
and J30 (p/n 1251-4390) for use with cables W32 (p/n 8120-2577) and W30 (p/n 8120-2576). The 
older (black) connectors and (white) cables have been replaced on newer boards by more reliable con- 
nectors J1 (orange - p/n 1251-6567) and J30 (orange - p/n 1251-5064), and cables W32 (gray - p/n 
8120-3108) and W30 (gray - p/n 8120-3216). The newer connectors are incompatible with the older 
cables as are the newer cables incompatible with the older connectors. Should replacement of the 


Service 
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A14(A4) assembly in one of the above instruments become necessary, refer to paragraph 8-113 in 
Section VIII for additional replacement information. Note that cable/connector changes for part num- & 
bers 1251-6567 and 8120-3108 occured beginning with instrument serial number 1748A04250. 


7-47. Service Group M - Options: High Voltage Output (Opt.002) (03325-66508) and High 
Stability Reference (Opt. 001) (03325-66509) A7. 


7-48. There have been no engineering or manufacturing changes to the 03325-66508 or 03325-66509 
assemblies. 


7-49. Service Group N - Sweep Drive Circuits (P/O 03325-66514) A5. 


7-50. A14 - Past to Present. Table 7-14 briefly summarizes the engineering and manufacturing changes 
that have brought A14(A4) to its current revision. 


Table 7-14. A14(A4) Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 
A4 - Rev B** 1748A00101 - 1748A00190 = 


- Rev C 1748A00191 - 1748A00470 went Rev C following PC trace 
and manufacturing modifications. 


- Rev D 1748A00471 - 1748A01075 went Rev D following manuf. 
changes and the addition of 
CR108, CR109, and R55. 


1748A01076 - 1748A01900 went Rev E following mod. to the 
relay driver and dc offset control 
portion of A4. 


A14-RevA 1748A01901 - 1748A08790 went A14 Rev A when output 
amp (Svc. Grp. K) was re- 
designed. R142 was also added. 


1748A08791 - 1748A14537 went Rev B with changes to dc 
offset and amptd. control circuitry. 


1748A14538 - Present went Rev C following PC trace 
mod. to level comparator (U42) 
ckty. 


* Note that all serial number ranges are approximate. 


** No A4 Rev A boards were ever produced. 


7-51. The following backdating information pertains to the sweep drive portion of A14(A4). 
A - Page 8-N-3/8-N-4, Figure 8-48. 
Affected instruments: serial numbers 1748A00470 and below. 


For instruments in this range, R6 is 20kQ, part number 2100-0558. If US is replaced in any of these 
instruments, it may be necessary to replace R6 with part number 2100-3253 (50k) in order to per- 
form the X-Drive adjustment. 


A - Page 8-N-3/8-N-4, Figure 8-48. 


Affected instruments: serial numbers 1748A01900 and below. 


Instruments in this serial number range do not have Q4. 
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AS - Page 8-N-3/8-N-4, Figure 8-48. 


Affected instruments: serial numbers 1748A04250 and below. 


These instruments may have an A14(A4) board which contains connector J1 (p/n 1251-4494) for use 
with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been replaced 
on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - p/n 8120-3108). 
The newer connectors are incompatible with the older cables as are the newer cables incompatible 
with the older connectors. If the A14(A4) assembly is replaced in one of the above instruments, refer 
to paragraph 8-113 in Section VIII for additional replacement information. 


7-52. Service Group O - Power Supplies (03325-66502) A8. 


7-53. A2 - Past to Present. Table 7-15 briefly summarizes the engineering and manufacturing changes 
that have brought A2 to its current revision. 


Table 7-15. A2 Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 


A2 - RevA 1748A00101 - 1748A00150 — 


- Rev B 1748A00151 - 1748A01075 


went Rev B when PC trace modifi- 
cations were made. 


- Rev C 1748A01076 - 1748A05825 


went Rev C with the addition of 
R34, R35, Q8, and F2. 


- Rev D 1748A05826 - 1748A07339 went Rev D when the relay cur- 
rent limiter circuitry of Q13 and 


Q12 were added. 


1748A07340 - 1748A15073 went Rev E following PC trace 
mod. to eliminate a potential 
shock hazard. See Service Note 


3325A-11B-S. 


1748A15074 - Present went Rev F following mods. to 


widen PC trace spacings. 


* Note that all serial number ranges are approximate. 


7-54. The following backdating information pertains to the power supply assembly 03325-66502. 


A8 - Page 8-O-3/8-O-4, Figure 8-49. 


Affected instruments: serial numbers 1748A05825 and below. 


Instruments in this range contain the fuse F2 shown in Figure 7-19 in place of the circuitry shown 
in Figure 8-49. See Service Note 3325A-12 for details and procedures for improving the reliability 
of the over-voltage protection circuitry. 
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+/- \S VOLTS REGULATOR 
FZ SA 


Figure 7-19. Location Of F2 (Serial Numbers 1748A05825 to 1748A01076). 


A8 - Page 8-O-3/8-O-4, Figure 8-49. 


Affected instruments: serial numbers 1748A01075 and below. 


Instruments in this serial number range do not have R35, R34, Q8, or F2. (See Figure 7-20.) 


- \SVOLTS REGULATOR 


+5 VOLT REGULATOR 


Figure 7-20. +15V Regulator (Serial Numbers 1748A01075 and Below). 
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A8 - Page 8-O-3/8-O-4, Figure 8-49. 
Affected instruments: serial numbers 1748A01200 and below. 


Instruments in this range do not have R36. See Service Note 3325A-1B for details and procedures 
for a recommended modification to the over-voltage protection circuitry. 


Affected instruments: Serial numbers 1748A07260 and below. Instruments in this range do not have 
CR18. 


A8 - Page 8-O-3/8-O-4, Figure 8-49. 
Affected instruments: serial numbers 1748A07339 and below. 


Note that for instruments in this serial number range, there is a potential electrical shock hazard present 
with the A2 board. A trace on the underside of A2 could pass within 0.5mm of a folded edge of 
the instrument’s floating sub-chassis. This trace carries one-half the line voltage in 220V/240V appli- 
cations. For 100V/120V applications, this is a neutral trace. See Product Safety Service Note 
3325A-11B-S for additional information and corrective procedures. 
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These servicing instructions are for use by 
trained service personnel only. To avoid elec- 
trical shock, do not perform any servicing other 
than that contained in the operating instruc- 
tions unless you are qualified to do so. 
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SECTION VIII 
SERVICE 


8-1. INTRODUCTION. 


8-2. This section contains information required to serv- 
ice the Model 3325A Synthesizer/Function Generator. 
This includes the theory of operation, block diagrams, 
troubleshooting procedures, and schematic diagrams. 
Most of the service information is divided into service 
groups, which are identified alphabetically. Each service 
group contains the schematic diagram, troubleshooting, 
and other pertinent information for a specific area of the 
instrument. A foldout functional block diagram follows 
Service Group O. The following circuits are included in 
the service groups: 


Service 
Group 


Assembly Circuit 


Voltage Controlled Oscillator D 
A21 + N.F Counter E 
A21 Fractional N Analog Circuits F 
A2 Power Supplies O 
A3 VCO Buffer D 
A3 30 MHz Reference and G 
Dividers 
A3 Mixer H 
Al4 D/A Converter and Sample/ I 
Hold 
Al4 Function Circuits J 
Al4 Output Amplifier and Level K 
Comparator 
Al4 Relay Drivers Ie 
Al4 Sweep Drive Circuits N 
AS Keyboard and Display A 
A6 HP-IB Circuits B 
A6 Control Circuits Cc 
A23 
or Attenuator L 
A7 
A8 High Voltage Output Option M 
002 
AQ High Stability Frequency M 


Reference Option 001 


Signature analysis information begins with paragraph 
8-128. 


8-3. BASIC THEORY. 


8-4. A simplified block diagram of the 3325A circuits is 
shown in Figure 8-1. In response to programming inputs 
from the Keyboard or the HP-IB, the Control circuits 
set the frequency, signal level, and output attenuation. 
The Frequency Synthesis circuits generate a sine wave at 
a frequency determined by digital information from the 
Control circuits. This sine wave is applied to the Func- 
tion circuits where both the output function and signal 
level are determined, again by digital control. The signal 
level from the Output Amplifier can be tested in the Level 
Comparator to determine if a level correction is needed, 
thus providing an automatic amplitude calibration. If am- 


plitude problems are encountered, it is important to dis- 
able this auto calibration. See section 8-102. Attenuator 
range is selected by the Control circuits to provide (in con- 
junction with Level Control) the desired output signal am- 
plitude. Program parameter data stored in Control is 
transferred to the display when that parameter entry pre- 
fix key is pressed or the parameter prefix mnemonic is 
programmed on the HP-IB. 


8-5. THEORY OF OPERATION. 


8-6. The following theory is a general description of each 
of the circuit blocks in the 3325A. A foldout functional 
block diagram of the 3325A follows Service Group O. 
Additional information on individual circuits may be 
found within the service groups. Figure 8-2 is a basic 
block diagram of the logic circuits, which interface with 
the processor (and with each other through the proces- 
sor) to control the operation of the instrument. The 
Machine Data Bus, which consists of eight parallel lines 
labeled HMDO through HMD7, is the principal means 
of data exchange between the control circuits and other 
parts of the instrument. 


8-7. Keyboard and Display (Service Group A). 


8-8. Keyboard Scan. Figure 8-3 is a block diagram of the 
Keyboard and Display circuits. To determine if a key has 
been pressed, a single high bit is shifted into the first 
position of the 16-bit register, and the four-line output of 
the keyboard matrix is read onto the machine data bus by 
the Read Keyboard clock signal. The high bit is then 
shifted one position in the register and the keyboard 
matrix output is read again. This process is repeated 
through the twelve input lines to the matrix. The high 
input bit is inverted by the keyboard buffers. A low level 
on one of the four matrix output lines indicates that a key 
has been pressed, and the control circuits initiate the 
proper action. After a low level has been detected, the 
control circuits look for a high level from the same key 
before the same action can be repeated. In other words, if 
the 5 key has been pressed, only one 5 will be processed 
even though the key is held through more than one 
keyboard scan cycle. 


8-9. Numeric Display. The same high bit that is shifted 
through the 16-bit shift register to scan the keyboard 
enables one of the eleven numeric display digits in each of 
the first eleven positions of the register. When a digit is 
enabled, eight bits of data (parallel) from the Machine 
Data Bus are entered in the 8-bit latch by a Write 
Keyboard Display Data clock signal. Each low bit in this 
data enables one of the eight current sources, which 
supplies current to the proper segment (or decimal point) 
of the enabled digit. 
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Figure 8-1. Simplified Block Diagram. 
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Figure 8-2. Basic Block Diagram, Logic Circuits. 
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Figure 8-3. Keyboard and Display Block Diagram. 


8-10. Annunciator Matrix. In each of the last five 
positions of the 16-bit shift register, the high bit that is 
being shifted through enables one of five sets of 
annunciators. Then another set of eight data bits is 
entered into the 8-bit latch. Each low bit in this data set 
also turns on one of the eight current sources, which 
supplies current to the proper annunciator. 


8-11. Scan Cycle. Approximately 21 milliseconds are 
required for a complete scan of the Keyboard and 
Display. During each scan cycle, the events shown in 
Figure 8-3 happen concurrently. 


8-12. HP—IB Circuits (Service Group B). 


8-13. Data Input. Figure 8-4 is a block diagram of the 
data input path. The low true data from the HP—IB DIO 
lines is inverted to high true in the Bus Receivers. It is 
then loaded into the last eight positions of the 12-bit 
parallel-in/serial-out shift register when the Load Data 
Input signal is low. The data loaded into the first four bits 
of this register is information concerning the ATN, REN, 


and IFC management lines. Data is then shifted serially 
across the isolation barrier into an 8-bit  serial- 
in/parallel-out shift register. The first four bits (status) 
are shifted across, gated into the tri-state buffer by the 
Read Bus Data signal, and onto the Machine Data Bus. 
After the control circuits have accepted this information, 
the eight bits of HP—IB data are transferred in the same 
manner. 


8-14. Data Output. The output data path, shown in 
Figure 8-5, is essentially the reverse of the input data 
path. Parallel data from the Machine Data Bus is loaded 
into a parallel-in/serial-out shift register by the Write Bus 
Data signal. It is then shifted serially across the isolation 
barrier and into the same 12-bit shift register used for 
input data. However, for output data it is used as a serial- 
in/parallel-out register. The data is then loaded into an 8- 
bit latch by the Load Data Out signal, where it is 
available to the Bus Drivers. When the Bus Drivers are 
enabled by the Data Out Enable signal, the data is 
inverted and placed on the HP—IB D1O lines. The eighth 
(most significant) data bit becomes the End or Identify 


8-3 


Service 


READ BUS 
DATA 


\ 


8-BIT 
3 STATE 
BUFFER 


MACHINE DATA 
BUS (8 LINES) 4—4 


OPTOELECTRONIC 
ISOLATION 


8-BIT 
SERIAL IN 
PARALLEL OUT 
SHIFT 
REGISTER 


(8 LINES) 


BUS CLOCK 2 Sa! 


| 
DIRECT CONTROL 0 ——————_» 


DIRECT CONTROL | ———————» 


T 


12-BIT 
PARALLEL IN 
SERIAL OUT 
SHIFT 
REGISTER 


(1 LINE) 
}q¢———_—— 


BUS 
|___ CLOCK 


DECODER 
j—— 


Figure 8-4. HP—IB Data Input Path. 
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Figure 8-5. HP—IB Data Output Path. 
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Figure 8-6. HP—IB Management and Handshake. 


(EOI) signal to the bus if the 3325A is addressed to talk 
and ATN is false. 


8-15. Acceptor Handshake. The Listen circuits (shown 
near the upper center of Figure 8-6) enable the Acceptor 
Handshake block to operate if the 3325A is addressed to 
listen or if ATN (Attention) is true. When it is not 
addressed to listen but ATN is true, it accepts data in 
order to detect its listen or talk address or the untalk 
command. After the 3325A has been addressed to listen it 
accepts programming data when ATN is false and looks 
for its talk address or the unlisten command when ATN is 
true. When the HP—IB DAV (Data Valid) signal 
indicates that data is ready on the bus, the Acceptor 
Handshake circuits output New Data Ready, which 
becomes a Bus Interrupt signal to the processor. The 
Acceptor circuits also set NRFD (Not Ready For Data) 
to indicate to the bus that the 3325A is in the process of 
accepting the data byte. After the byte has been accepted, 
the processor outputs a New Byte Accepted to the 
Acceptor circuits, which then resets the NDAC (Data 
Accepted) line to high. 


8-16. Source Handshake. The Talk circuits enable the 
Source Handshake block only when the 3325A is 
addressed to talk and ATN is false. A New Byte Available 
signal from the processor tells Source Handshake to set 
DAV if NRFD is high indicating that all listeners are 
ready for data. After a byte of data has been accepted by 


the listener(s), indicated by NDAC going high, the 
Acceptor circuits output a New Data Needed signal 
which becomes a Bus Interrupt to the processor. 


8-17. Management Lines. The ATN (Attention), REN 
(Remote Enable), and IFC (Interface Clear) lines provide 
inputs to the 12-bit shift register and are used as HP—IB 
status information inputs to the control circuits. A direct 
control output from the processor provides a Service 
Request (SRQ) signal to the HP—IB system controller. 


8-18. Control Circuits (Service Group C). 


8-19. The Control circuits include all the blocks in 
Figure 8-2 labeled Service Group C, plus other circuits 
such as Read and Write Control and the 1.2 MHz con- 
trol clock oscillator. Figure 8-7 is a basic block diagram 
of the Control circuits. A brief definition of some cir- 
cuit components may be helpful. 


Processor: Commonly known as a micropro- 
cessor. As the name implies, this device 
processes its input information and deter- 
mines what data and/or instructions to issue. 


ROM: A Read Only Memory issues a 


predetermined set of data in response to a 
given set of input data, called an address. 
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Figure 8-7. Basic Block Diagram of Control 
Circuits. 
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RAM: A Random Access Memory, or 
Read/Write Memory, accepts data (data can 
be written into it) which can then be read out 
at a later time. Data location is determined by 
the address input. 


8-20. Read Only Memory. The 3325A Read Only 
Memory (ROM) consists of four units, which are selected 
by signals from the ROM Control Register. Designed 
into the ROM are the fixed routines or responses 
required in the 3325A operation. One of these routines, 
for example, reads the present output frequency data 
from the RAM and places it in the display when the 
FREQ entry key is pressed. The keyboard and display 
scan routines and test routines are also a part of the ROM 
information. A character received on the HP—IB is 
compared to ROM data to determine its validity and the 
appropriate action to be taken if the character is valid. 


8-21. Random Access Memory. Variable or temporary 
information is stored in the Random Access Memory 
(RAM). This includes all program information from 
either the front panel or the HP—IB. Data stored at any 
RAM address can be changed by programming new data 
for the same parameter, function, or operation. RAM 
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data can be read out without destroying the data. For 
example, when the FREQ entry key is pressed, the 
present frequency data is entered in the display and is also 
retained in the RAM memory location. 


8-22. Fractional N Control IC. The Fractional N 
Control IC (see Service Group E) performs several 
functions vital to control of the 3325A. 


a. It calculates the-- N and Pulse Remove data for the 
phase lock loop in the Frequency Synthesis circuits. 
(Explanation of the 3325A frequency synthesis begins 
with Paragraph 8-24). This information is updated every 
10 microseconds. 


b. It increments or decrements the output frequency 
during a sweep function and outputs a Sweep Limit Flag 
when the start or stop frequency is reached. It also 
outputs a Sweep Limit Flag at the marker frequency 
during a sweep up. 


c. Under control of algorithms performed by the 
processor, it performs arithmetic functions—for 
example, the arithmetic for conversion of amplitude in V 
p-p to V rms or dBm. 


Figure 8-8. Phase Lock Loop. 
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8-23. Processor. The Processor coordinates the 
operation of all the other control logic circuits. Device 
select outputs from the processor are decoded into read, 
write, and enable commands to various logic elements 
such as the RAM, control registers, and buffers. Direct 
Control input/output lines provide information to and 
from the HP—IB circuits. Interrupt capability allows the 
Processor to be interrupted by the HP—IB or by a Sweep 
Limit Flag. 


8-24. Frequency Synthesis. 


8-25. The Frequency Synthesis circuits are found in 
Service Group D, Voltage Controlled Oscillator; Service 
Group E, Fractional N Counter; and Service Group F, 
Fractional N Analog. 


8-26. How does the 3325A generate a given frequency? 
Assume that the output desired is an even 10 MHz. A 
method for obtaining this frequency is illustrated in 
Figure 8-8. Basically, the 3325A uses this method. 


8-27. The frequency of the VCO (Voltage Controlled 
Oscillator), in Figure 8-8, is controlled by the de voltage 
out of the phase detector. This de voltage reflects any 
phase change between the two detector input signals. 
Consequently, if the VCO frequency changes, the phase 
detector output changes to correct the VCO. This is 
known as a phase lock loop (PLL). 


8-28. If we want to change the output from 10 MHz to 20 
MHz, it is necessary merely to change the + N number 
from 400 to 500. This obviously changes the divided VCO 
input to the phase detector to 80 kHz. The phase detector 
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then uses the phase difference between its two inputs to 
change the VCO frequency to 50 MHz. This returns the 
phase detector input to 100 kHz, and the loop is again 
phase locked. It takes the 3325A about 50 milliseconds to 
make this change. The + N number is determined by 
control circuits in response to front panel or remote 
programming. 


8-29. The 3325A sine wave frequency range is essentially 
from zero to 20 MHz; consequently, the VCO frequency 
range is normally 30 MHz to 50 MHz. This dictates that 
the + N number be a 3-digit integer between 300 and 500 
(+N can be only three digits in the 3325A). Forexample, 
if + N is 398, the VCO frequency is adjusted to 39.8 MHz 
(398 x 100 kHz) and the output is 9.8 MHz. 


8-30. Now let us look at a more detailed diagram of the 
phase detector block (Figure 8-9). The control voltage to 
the VCO is the output of a Sample/ Hold amplifier which 
samples the integrator output at the proper time and at 
regular intervals. Ideally, this voltage would be exactly 
the same at each sampling time and the VCO frequency 
would remain constant. Let us assume that this is true, 
and that the + N number is 400. In this case, the output of 
the phase comparator would be a series of pulses of equal 
width. Each pulse turns on a current source which causes 
a given amount of charge to be placed on the integrator. 
At a specified time this voltage is stored on the 
Sample/Hold amplifier capacitor (Figure 8-9). The 
integrator output is illustrated in Figure 8-10. The charge 
slope is much greater than the discharge slope because the 
phase comparator current source has about ten times the 
magnitude of the bias current source. 
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Figure 8-9. Phase Detector. 
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8-31. Immediately after a sample, the bias current source 
is turned on to discharge the integrator capacitor to the 
level it held before the phase comparator current was 
allowed to charge it. If this were not done, the charge 
would continue to accumulate to the limit permitted by 
the power supplies and remain at that level (nullifying the 
entire PLL scheme). The bias current is controlled by a 
pulse from the fractional N control IC. 


8-32. Up to this point, we have considered only the 
situation where + N isa whole number consisting of three 
digits. Now suppose an output of 10.04 MHz is desired. 
This would require the VCO frequency to be 40.04 MHz 
and the + N number to be 400.4. (The number 400.4 is 
referred to as + N.F. The number 400 is represented by 
N, and the fraction .4 may be called F, or the fractional 
N.) Since the existing phase lock system will not allow 
+ N to be four digits, some additional circuits are needed 
to make the VCO operate at a frequency of 40.04 MHz, 
and at the same time provide a signal to the phase 
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comparator equal to 100 kHz. Two of these circuits are 
the Digital-to-Analog (D/A) converter and pulse remove 
blocks added in Figure 8-11. 


8-33. If the VCO operated at 40.04 MHz and + N were 
400, then the divided VCO signal to the phase 
comparator would be 100.1 kHz and would be compared 
to the 100.0 kHz reference. This would result in an 
increasing phase comparator charge current to the 
integrator. To compensate for this increased charge, the 
discharge current from the bias source is adjusted by 
means of Analog Phase Interpolation (API) information 
from the fractional N control IC. The phase (frequency) 
difference between 40.04 MHz and 40.00 MHz is 
accumulated digitally in the control IC and applied 
through five lines to a digital-to-analog converter. The 
D/A output current is subtracted from the bias current to 
discharge the integrator to the proper level during each 
sampling period, effectively cancelling the increased 
charge from the phase comparator. 


8-34. Only part of the problem is solved, however, 
because if the PLL were to continue operating in this 
manner, the phase comparator output would continue to 
increase beyond practical limits. To prevent this, a “pulse 
remove” technique is used. In effect, the accumulated 
phase difference (in the Control IC) causes the +N 
counter to count one extra cycle (+401) each time the 
phase accumulator passes through unity. This has the 
effect of “removing” a cycle of VCO frequency, and the 


divided signal to the phase comparator is now an average 
of 100 kHz. 


8-35. To accumulate the phase difference, the twelve 
least significant digits in a “frequency register” 
(contained in the Fractional N control IC) are added to 


cee ne 


Figure 8-11. Addition of D/A Converter and Pulse 
Remove Blocks. 
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the twelve digits in the phase accumulator, and the sum is 
stored again in the accumulator. This addition takes 
place every 10 microseconds (once for each cycle of the 
100 kHz reference). Figure 8-12 illustrates this process for 
the example we are using. 


8-36. This example has used a fractional N of .4. If the 
output frequency were 10.004 MHz instead of 10.04 
MHz, the fractional part would be .04, and both the 
phase comparator output and the phase accumulator 
content would increase at one-tenth the previous rate. As 
another example, if the output frequency were 10.09 
MHz, the fractional N would be .9, and a pulse remove 
command would be required for 9 out of every 10 
reference cycles. 


8-37. Fractional N Counter. The + N (Fractional N) 
counter consists basically of three presettable counters in 
series, shown in Figure 8-13. The counters for the two 
most significant digits (of the 3-digit N number) are 
decade counters. The least significant digit counter 
consists of a + 5 counter and a ~+ 2 prescaler which can be 
made to divide by three as necessary. Presettable 
counters are used because + N must be variable, as 
explained below. 


8-38. The preset number that is loaded into the counter 
in BCD (binary coded decimal) form is the 9’s 
complement of the N number. N is determined by 
the first three digits of the VCO frequency. 
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Example 1 Example 2 


10 000 000.0 Hz 
30 000 000.0 Hz 


100 000.0 Hz 
30 000 000.0 Hz 


Sine wave output 
Reference frequency 


VCO frequency 40 000 000.0 Hz 30 100 000.0 Hz 
+N 40 0 30 1 


To determine the 9’s complement, +N is subtracted 
from 999 in the fractional N control IC. 


999 999 
+N 400 301 


9’s complement 599 698 


8-39. The + N counter begins at the preset number (599 
in example 1), counts to 999 and then reloads the same 
number unless a new frequency has been programmed. 
One output pulse occurs for each time the counters reach 
999; consequently, if 400 VCO cycles (599 to 999) are 
counted for every output pulse, VCO has been divided by 
400. The output pulse is derived from the bias pulse 
issued by the fractional N control IC. To provide the 
proper stable phase relationship to the VCO signal, this 


Programmed as Frequency Register 
VCO Frequency 0400400000000000 


Phase Accumulator 


O00000000000 
a) 
API Control 


000000000000 
0400400000000000 


Accumulator (Initial) 
VCO Frequency 


400000000000 Sum (returned to accumulator) 

0400400000000000 vcoO 
800000000000 sum 

O400400000000000 vco 


(1200000000000 sum + carry 


O400400000000000 vco 


600000000000 sum 
O400400000000000 vco 


(1000000000000 sum + carry 


Each carry initiates a pulse remove command. 


Figure 8-12. Phase Accumulation. 


8-10 


I: GAD Loae) 30-50ns 


u I oa 
PRESTALER |  cobifer BRIE | odin |] aoe | 


| DAD 


1 40-70n5 


LsO BIT | 


roe 


T | 
oid REGISTER 
| 


15 FPRBEPBe 


o>] ko /20-220ms 
== 


a 
= 
a 
= 
= 
fe) 
oO 
ve) 
> 
fo} 
a 
lu 
a 
iv) 
n 
=x 
= 
a 


B3 


4 s 
HRT i es 
FLIP-FLOP COUNTER 
| i ZI vco-10 vco-2 vco 


ob 2. 2-4. us | ¢ i 


METRE NL PNB PAO - FRACTIONAL N CONTROL , OUTPUT {sco 2A oN 


3325A-13 


[1-8 


Figure 8-13. Divide by N Counter. 


UTPU 
pase COMPARATOR 


VSTEE [SPOW 


JOIAIOS 


Service 


pulse is clocked first by VCO + 10, then VCO = 2, and 
finally by VCO. 


8-40. In example 2, + N is 301, so the counter must count 
301 VCO cycles during each reference period. Normally 
only an even number of cycles could be counted because 
the least significant digit + 5 counter is counting VCO 
+2 from the prescaler. Therefore, in order to count an 
odd number, the prescaler is forced to count one 
additional pulse during each reference period. To 
accomplish this, the pulse remove circuits are enabled 
when the least significant (BCD) bit of the least 
significant digit of the preset number is even, as is the case 
in example 2 (decimal 8 = binary 1000). Then the 
negative-going pulse from the preload one-shot changes 
the prescaler to + 3 for one cycle. The pulse remove 
action associated with fractional N is independent of and 
in addition to the odd number count. 


8-41. The chip clock counter output (Figure 8-13) is the 
prescaler output divided by five. The Q output from this 
counter goes to the fractional N control IC and is used to 
clock data in and out of the four shift registers within the 
IC. The counter Q output is used in the + N.F counter 
output synchronization and to clock the cycle start flip- 
flop. 


8-42. The cycle start flip-flop is set by the Q output from 
the preload flip-flop and is cleared by the next trailing 
edge of the chip clock signal. A cycle start pulse occurs at 
the time the + N least significant digit is preloaded, which 
is once every reference period. Cycle start is used to 
initiate operations within the fractional N control IC. It is 
also used to set the pulse remove circuit when ~ N is an 
odd number. 


8-43. Reference Circuits (Service Group G). 


8-44. Reference Oscillator. The Reference Oscillator is a 
30 MHz crystal-controlled oscillator that can be 
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synchronized to an external reference signal of 10 MHz 
or subharmonic of 10 MHz (minimum | MHz). 


8-45. External Reference Phase Lock Loop. Figure 8-14 
is a block diagram of the External Reference Phase Lock 
Loop. The external reference input is sent thorugh a 
squaring circuit, amplified, and then differentiated to 
provide a narrow positive pulse to the gate of a FET 
switch. This turns the switch on momentarily, sampling 
the instantaneous voltage of the sine wave at the FET 
switch source. This voltage is stored on the capacitor at 
the input of a Sample/ Hold amplifier. The resulting de 
output voltage from the S/H amplifier is applied to a 
varactor in the 30 MHz oscillator circuit to adjust the 
oscillator frequency. 


8-46. When the 30 MHz oscillator is in phase with the 
external reference, the FET switch will sample the sine 
wave at exactly the same point each time and the S/H 
amplifier output voltage will remain constant. But if 
there is a change in phase relationship, the amplifier 
output voltage will change, correcting the oscillator 
frequency and restoring phase lock. 


8-47. External Reference Detector. Whenever an 
external reference input is present, a detector circuit 
provides a logical “1” signal to the control circuits. This 
causes the front panel EXT REF indicator to light. 


8-48. Unlock Detector. When the external reference 
loop is phase locked, the Sample/ Hold amplifier output 
is a steady dc voltage. However, if the loop is not locked, 
this voltage will vary. The unlock detector is triggered by 
this varying voltage to provide a logical “1” to the control 
circuits. During an “unlock” condition, the front panel 
EXT REF indicator will flash on and off. 


8-49. 30 MHz Reference Amplitude. Sine wave output 


amplitude and amplitude modulation are controlled by 
varying the amplitude of the 30 MHz Reference. Figure 
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Figure 8-14. External Reference Phase Lock Loop 
Block Diagram. 
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Figure 8-15. Level Control and Amplitude 
Modulation. 


8-15 is a simplified diagram of the level control and 
amplitude modulation circuits. The reference signal 
amplitude is varied by controlling the current available 
from the current source (Figure 8-15), which in turn is 
controlled by the Sine Amplitude signal and/or the 
Amplitude Modulation input signal. When the AM 
Control switch is OFF, the X input to the voltage 
multiplier is constant, and the output level is controlled 
by the Sine Amplitude only. When the AM switch is 
ON, however, both the X and Y inputs influence the 
output. The output of the multiplier (V,) is normally 
equal to .1XY, but because the multiplier output is con- 
nected to an operational amplifier input, this voltage 
cannot be measured. Use of the voltage multiplier in this 
circuit makes it possible to change the 3325A output 
(carrier) amplitude without affecting the percent of 
modulation, or to change the percent of modulation 
without affecting the carrier level. The output of the 
Level Control and Amplitude Modulation circuit goes 
to the Mixer, covered in Service Group H. 


8-50. Reference Dividers. The 30 MHz Reference 
frequency is reduced through a series of dividers to 
provide the following signals: 


10 MHz to the External Reference PLL 

2 MHz to the D/A Converter (Service Group I) 

| MHz rear panel reference output 

100 kHz reference to the Fractional N Phase 
Comparator (Service Group F) 


For phase stability, the 100 kHz output is clocked first by 
10 MHz, then by the 30 MHz reference signal. The 
100 kHz signal is then differentiated to provide a narrow 
pulse to the Fractional N Phase Comparator. 


8-51. Mixer (Service Group H). 


8-52. The Mixer circuits are diagrammed in Figure 8-16. 
The 30 MHz reference is passed through a low pass filter 
and mixed with the 30-50 MHz signal from the VCO ina 
diode mixing circuit. The mixing circuit output is applied 
to a low pass filter to remove all but the difference 
frequency, which is amplified by acurrent amplifier. This 
signal then goes to the Function circuits (Paragraph 
8-59). 


8-53. D/A Converter (Service Group |). 


8-54. The Digital-to-Analog (D/A) Converter supplies 
the analog voltages which control signal amplitude, dc 
offset, level comparator reference voltage, sweep X drive 
output, and correct for dc offset error. In addition, it 
supplies an auto zero voltage to its own current sources. 


8-55. Preset Counters. Each of the four Preset Counters 
is a BCD counter that can be pre-loaded with a 4-digit 
binary number and then enabled to count from that 
point. In this application, they are set to count down. The 
counters are connected in two pairs, as illustrated by the 
least significant pair in Figure 8-17. Both counters are 
loaded at the same time, then the Least Significant Digit 
(LSD) Counter is enabled by the Counter and Current 
Source Enable Flip-Flop; and at the same time, the LSD 
Current Source is enabled to supply current to the DAC 
Integrator (see Figure 8-18). When the LSD Counter 
reaches zero, its Ripple Clock output enables the 3rd 
Digit Counter to count one clock pulse. If the preset 
number in the 3rd Digit Counter was greater than one, 
the LSD Counter continues to count, supplying an 
enable pulse to the 3rd Digit Counter each time it reaches 
zero. When the 3rd Digit Counter reaches zero, its Ripple 
Clock output changes the state of the Counter and 
Current Source flip-flop, disabling the LSD Counter and 
the Current Source. 
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Figure 8-16. Mixer Diagram. 


Figure 8-17. Preset Counters. 
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8-56. 4-Digit D/A Conversion. A simplified diagram of 
the D/A Converter is shown in Figure 8-18. The D/A 
Converter (DAC) Integrator output voltage is 
proportional to the four digits of BCD information that 
is loaded into the Preset Counters. The two current 
sources are enabled to supply constant current to the 
DAC Integrator for the length of time required for the 
Preset Counters to count down from the preset number 
to zero. The current resulting from the two most 
significant digits is proportionally 100 times that from the 
two least significant digits. For example, if the 4-digit 
preset number were 5555, the enable time would be the 
same for both current sources, but the current ratio 
would be 100 to 1. 


8-57. DAC Sample/Hold Circuits. After the Preset 
Counters have finished counting and the current sources 
are disabled, the DAC Integrator output voltage must be 
transferred to the proper Sample/Hold Amplifier. 
Figure 8-19 is a simplified diagram of the DAC 
Sample/ Hold circuits. The data that designates one of 
the six Sample/ Hold Amplifiers is clocked into the latch 
by the S/H Strobe pulse. The S/H Strobe pulse also 
triggers a switch timing one-shot which enables the 
switches to close long enough to transfer the DAC 
Integrator voltage to the capacitor at the input to the S/H 
Amplifier. 


8-58. DAC Reset. After the integrator output voltage 
has been transferred to the proper Sample/ Hold 
Amplifier, the integrator is reset to zero by closing a FET 
switch across the integrator capacitor. The closing of this 
switch is timed by a one-shot which is triggered by the 
S/H Strobe pulse. 


8-59. Function Circuits (Service Group J). 


8-60. This section of the instrument provides the proper 
current to the operational output amplifier for each 
function. It includes a number of current sources, and the 
circuits which develop the square wave, triangle, and 
ramp functions from the sine wave. Function switching is 
accomplished by the enable signals shown in the block 
diagram, Figure 8-20. 


8-61. Sine Wave. In sine function, the sine wave from the 
mixer passes through a current amplifier to the output 
amplifier. Sine wave amplitude is actually controlled in 
the level control circuit (see Paragraph 8-69), but the level 
control current is supplied from the amplitude control 
current source in this section. 


8-62. Square Wave. The sine wave input is sent througha 
squaring circuit and then divided by two to produce the 
square wave output. Consequently, in the square wave 
function, the sine wave must be twice the output 
frequency, and the maximum output frequency is 
10 MHz. 


8-63. Triangle. To generate a triangle wave, the sine 
wave input is first put through the squaring circuit, then 
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divided by 20 (+10 and +2). The result is a square wave 
whose frequency is | MHz plus the programmed output 
frequency. This signal is phase compared to a | MHz 
reference in an exclusive OR gate. Because the output of 
the gate is high when one and only one input is high, the 
gate output is a series of pulses whose width varies in 
proportion to the phase difference between the two gate 
input signals. Figure 8-21 is a simplified illustration of 
this. The gate output drives a current amplifier (which 
inverts the signal) and the resulting current pulse signal is 
sent through a filter which shapes the triangle. 


8-64. The triangle output frequency is the difference 
between the | MHz reference and the input frequency 
(from the mixer) divided by twenty. Consequently, the 
input frequency must be 20 MHz + (20 x output). To 
produce the maximum triangle output frequency of 
10 kHz, for example, the input must be 20.2 MHz. 


Output frequency = 10 000 Hz 
Reference = 1 000 000 Hz 
1 010 000 Hz 

x 20 


Input frequency 20 200 000 Hz 


Il 


8-65. Positive and Negative Ramp. A ramp output is 
generated in the same manner as the triangle, except that 
when the phase difference between the | MHz reference 
and the input —20 has advanced 180°, the reference is 
inverted by the ramp reset circuits (Figure 8-20). Figure 
8-22 illustrates the ramp generation process. Because the 
phase difference is allowed to advance only 180° instead 
of 360° as in triangle generation, the frequency of the 
“input + 20” signal to the phase comparison gate must be 
1 MHz plus one-half the output frequency. For the 
maximum ramp output frequency of 10 kHz: 


Output frequency = 10 000 Hz 
2 = 5 000 Hz 
Reference = 1 000 000 Hz 
1 005 000 Hz 

x 20 


Input frequency = 20 100 000 Hz 


8-66. Ramp reset may be initiated either by the phase 
detector output (Figure 8-20) or by a + or - ramp reset 
signal from peak detectors at the output amplifier. Each 
reset pulse causes the reference signal to be inverted at the 
output of the ramp reset gate. 
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Figure 8-21. Simplified Illustration of Triangle 
Generation. 
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Figure 8-22. Simplified 


Illustration of Ramp 


Generation. 


8-67. Ramp polarity is determined by the ramp polarity 
gate. If negative ramp is programmed, the reference 
signal is inverted by this gate. 


8-68. Function Integrity Flag. If the ramp is being reset 
by the digital Phase Detector, the detector output sets the 
Function Integrity Flip-Flop, and the Function Integrity 
Flag (HMD2) to the processor is high. If the ramp is 
being reset by the analog Level Comparator at the 
amplifier output (see Paragraph 8-74), the analog reset 
signal prevents the Function Integrity Flip-Flop from 
being set. The controller may reset the Function Integrity 
Flip-Flop. The Function Integrity Flag tells the 
processor which ramp reset method (analog or digital) is 
being used. This information is used by the processor in 
setting the correct reference level for the output Level 
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Comparator. Ramps are reset by the digital Phase 
Detector at frequencies below 100 Hz, and by the analog 
output Level Comparator at frequencies of 100 Hz and 
higher. 


8-69. Amplitude and Offset Control. The voltage output 
of the output amplifier is proportional to the current into 
its input summing junction. Consequently, signal 
amplitude can be controlled by varying the amount of 
current available from the current source which supplies 
the various functions. The amplitude control signal is a 
dc analog voltage from a D/A converter (see Paragraph 
8-53) which receives its digital input from the controller. 


8-70. Because the square wave, triangle, and ramp 
signals are generated by switching the unipolar amplitude 
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control current source on and off, the entire signal is 
above ground. These signals are centered about ground 
by a compensating current equal to one-half the signal 
amplitude. This current is shown as “amplitude + 2 
correction current” in Figure 8-20. 


8-71. Positive or negative dc offset can be programmed 
either with or without an ac signal. The offset current 
source is also controlled by a dc analog voltage from the 
D/A converter. The de offset correction current source is 
also controlled by the D/A converter. The offset 
correction voltage is calculated from the results of the 
AMPTD CAL routine (see Paragraph 8-74). 


8-72. Output Amplifier (Service Group K). 


8-73. The Output Amplifier is an inverting operational 
amplifier that is designed for wide frequency response 
and low distortion. Its output stage is protected against 
excessive current by a 0.125 A fuse and against excessive 
voltage by diodes connected to the + and - 15 V sup- 
plies. Output resistance is 50 ohms. 


8-74. Level Comparator and AMPTD CAL. During the 
amplitude calibration process (AMPTD CAL), the Level 
Comparator is used to determine the offset and signal 
amplitude errors of the 3325A output. To do this, the 
processor sets the signal amplitude to zero and varies the 
voltage of the “Level” input to the comparator to 
determine the dc offset in the amplifier output. The 
processor computes the dc offset error and programs an 
offset correction. The processor then sets the signal 
amplitude to 8 V p-p (with full attenuation) and proceeds 
to determine both the positive and negative peak voltages 
in a similar manner. From this information it computes 
the gain error, which is used for subsequent amplitude 
calculations for any range selected. This error 
information is retained and used by the processor until 
the next amplitude calibration, which may occur because 
of the change in the function programmed, or because the 
operator or HP—IB system controller programmed 
AMPTD CAL. 


8-75. The Level Comparator is also used to reset both the 
positive and negative-going ramps for frequencies of 100 
Hz and higher. The “Level” voltage is set by the processor 
to the peak ramp voltage programmed. When the ramp 
and “Level” voltages are equal, a Ramp Reset pulse is 
generated by a one-shot and used to toggle a Ramp Reset 
flip-flop (see schematic in Service Group J). The ramp is 
then reset as explained in Paragraph 8-65. If the “Level” 
voltage is set incorrectly, the digital phase detector causes 
the ramp to be reset, and the Function Integrity Flag to 
the processor to be high (see Paragraph 8-68). The 
processor then adjusts the “Level” voltage until the Level 
Comparator output resets the Function Integrity Flag, 
indicating that the ramp is being reset by the Level 
Comparator. This ramp “loop level” process is disabled 
when the frequency is being swept or modulation is 
enabled. 
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8-76. Sync Comparator and Driver. The amplifier 
output waveform is one input to the Sync Comparator 
and the other input is the DC Offset voltage level. If no de 
offset has been programmed, the DC Offset voltage is 
zero and the comparator output changes at zero volts. 
This results in a Sync square wave whose transition 
occurs at zero volts crossing of the output signal. It 
follows, then, that the Sync signal transition occurs 
whenever the output signal crosses the DC Offset voltage, 
when an offset has been programmed. The Sync signal is 
the passed through inverter circuits to both the front 
and rear panels. 


8-77. Attenuator (Service Group L). 


8-78. Relay Drivers. Refer to the schematic diagram in 
Service Group L. Relay selection data is provided by the 
lines labeled KO through K7 and is stored in the D flip- 
flops of A1l4U49. This information is obtained from the 
Machine Data Bus through A14U29 (see Service Group 
I). Seven of the relay driver circuits are contained in one 
integrated circuit package, and the eighth is a discrete 
transistor circuit. Current through the relay coils is limited 
by the Q77, Q78 circuit. Because latching relays are used, 
continuous current is not required. Therefore, after a 
relay has been switched, the driver can be turned off by 
the KO-K7 information. The D flip-flops are clocked at 
the proper time by a signal that is also decoded in Al4U27 
from the Machine Bus data. 


8-79. Attenuator Relays and Pads. Relays K1, K2, and 
K3 control the output signal attenuation. Table 8-1 
shows the voltage ranges, both with and without dc offset 
and the relays and attenuation factors involved. The 
output relay, K4, switches the output to the front or rear 
panel in a standard instrument and switches the High 
Voltage amplifier in or out in Option 002 instruments. 


8-80. High Voltage Output Option 002 (Service 
Group M). 


8-81. The High Voltage Output Amplifier is non- 
inverting and has a gain of two. It is designed for 
operation over a bandwidth of 0 to 1 MHz. The output is 
current-protected by a 0.25 A fuse, and voltage-protected 
by diodes to the + and - 30 V supplies. Output resistance is 
essentially zero. Plus and minus 30 V regulators which 
supply power for this amplifier are a part of the option. 
Input power for these supplies is provided from a 
separate winding on the instrument power transformer; 
consequently, these supplies are on at any time ac power 
is connected to the instrument. 


8-82. Sweep Drive Circuits (Service Group N). 
8-83. The Sweep Drive Circuits provide three output 
signals that can be used in oscilloscope, plotter, and 


similar applications: Z Blank, Marker, and X Drive. 


8-84. Z Blank. The Z Blank output voltage levels are 
TTL compatible. This signal goes low at the start of a 
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Table 8-1. Attenuation and Voltage Ranges. 


Attenuator Amplitude (Peak-to-Peak, 50 Q) Minimum 
Attenuation Relay 


Offset 

Factor In AC Only (No Offset) AC (With Offset) (+ or -) 
9.998 V 

to 1.000 mV 
: 1.000 V 
; 999.9 mV 

to 0.100 mV 
333.4 mV 


K3 
999.9 mV 333.3 mV 499.9 mV 

K2 to to 0.100 mV to 
300.0 mV 450.0 mV 150.0 mV 
299.9 mV 116.6 mV 149.9 mV 

K2, K3 to to 0.010 mV to 
100.0 mV 149.9 mV 50.00 mV 
99.99 mV 33.33 mV 49.99 mV 

K1 to to 0.010 mV to 
30.00 mV 45.00 mV 15.00 mV 
29.99 mV 11.66 mV 14.99 mV 

K1, K3 to to 0.001 mV to 
10.00 mV 14.99 mV 5.000 mV 
9.999 mV 3.333 mV 3.333 mV 4.999 mV 

K1, K2 to to to 0.001 mV to 
3.000 mV 1.000 mV 4.500 mV 1.500 mV 
2.999 mV 1.499 mV 

K1,K2,K3 to to 
1.000 mV 0.001 mV 


ARKER 
|P-FLOP 


MKR RESET —— 
W TRUE) MARKER 
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MARKER 
RESET 


SWEE 


Pp : 
LIMIT FLAG 


Xx 
SWEEP ——+4 STA 
LIMIT FL 

FLAG 

(LOW TRUE) 


START : 


(LOW TRUE) 3325A-23 


Figure 8-23. Marker and X Drive Start-Stop Flip- 
Flops. 
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linear or log single sweep, high at the end of the sweep, 
and remains high until the start of another sweep. For 
continuous sweep, Z Blank is low during sweep up and 
high during sweep down. The Z Blank output circuit is 
capable of sinking current through a relay or other 
device. The maximum ratings are: 


Maximum current sink: 200 mA, fused at .25 A 
Allowable voltage range: 0 V to +45 V dc 
Maximum power (voltage at output x current): | W 


8-85. Marker Output. A Marker output pulse occurs 
only during linear sweep up, either single or continuous 
sweep. The NAND gate flip-flop that produces this 
output is shown in Figure 8-23. The output is high at the 
start of a sweep up, then the Sweep Limit Flag input goes 
low at the Marker frequency, changing the flip-flop 
output to low. Immediately following a sweep up, the 
Marker Reset input goes low, resetting the flip-flop 
output to high. 


8-86. X Drive. The output of the X Drive Start/Stop 
flip-flop (Figure 8-24) is set high by the low true Start 
signal and is returned to low by the Sweep Limit Flag 
pulse that occurs at the end of the sweep. The Start signal 
remains low until just before the end of sweep to prevent 
the Sweep Limit Flag pulse that sets the Marker flip-flop 
from also changing the X Drive flip-flop. The marker 
frequency and stop frequency points must be separated 
by approximately 400 microseconds to allow time 


INPUT 
ANALOG SWITCHES 


SWITCHES 


|OK 


Service 


between the two Sweep Limit Flags for the control 
circuits and Fractional N IC to return the Start signal to 
high and process the information for the stop frequency. 


8-87. The high output from the Start/Stop flip-flop is 
used to turn on one of two analog switches, depending 
upon which Range signal is high. Range | is high for 
sweep times of 0.01 second to 0.999 second, and Range 2 
is high for times of 1 second to 99.99 seconds. As 
illustrated in Figure 8-24, each analog switch turns on a 
switch for the duration of the sweep, providing current to 
an integrator whose output is the X Drive ramp. The 
value of the current to the integrator depends upon the X 
Drive analog voltage and the resistance in the integrator 
input circuit. The resistances are fixed at 10 kilohms for 
Range | and | megohm for Range 2. The value of the X 
Drive voltage is supplied from the D/A Converter and 
Sample/Hold circuits (see Paragraph 8-53) and is 
calculated by the control circuits to provide the proper 
current to increase the X Drive Output Ramp from0 Vto 
+10 V during the sweep time selected. 


8-88. Following a single sweep, the X Drive ramp 
remains essentially at +10 V until reset prior to the start of 
another sweep. (This voltage will drift downward less 
than 10 mV/sec.) During continuous sweep, the ramp is 
reset at the start of sweep down. The reset switch isa FET 
connected across the integrator capacitor. The Ramp 
Reset pulse is initiated at the proper time by the control 
circuits. 


INTEGRATOR 


RAMP 
RESET 


|Oms TO “S9ans 


RANGE | 
(HIGH TRUE) 


START 
(HIGH TRUE) 


RANGE 2 
(HIGH TRUE) 


X DRIVE 


(DC VOLTAGE) 


X DRIVE 
OUTPUT RAMP 


3325A-24 


Figure 8-24. X Drive Ramp Output. 
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8-89. Crystal Oven Option 001 (Service Group 
M). 


8-90. AC power for the Crystal Oven is supplied by a 
separate winding on the instrument power transformer. 
Consequently, power is supplied to this assembly at any 
time ac power is applied to the instrument. A +15 V 
regulator provides dc power to the Crystal Oven. The 
oven output frequency is 10 MHz. It is capacitively 
coupled to the rear panel output connector. 


8-91. Power Supplies (Service Group O). 


8-92. All three regulators, +5V, +15V, and -15V (shown 
in the schematic diagram in Service Group 0) are voltage 
and current controlled. Each regulator has a voltage sense 
connection. If the voltage at the load is too low, for ex- 
ample, this sense voltage feedback causes the regulator 
to adjust its output to the correct voltage. If the output 
current increases excessively (because of a short circuit, 
for example) the voltage drop across the current sensing 
resistance causes the active device in the current sensing 
circuit to limit the current through the series pass 
regulator. 


8-93. When the front panel POWER switch is in the 
STBY (standby) position, the three main power supply 
regulators are disabled. However, power is still applied to 
the HP—IB input/output circuits, the Oven Assembly 
(Option 001), and the High Voltage Output Amplifier 
(Option 002). These circuits have their own regulators, 
which are active at any time ac power is connected to the 
instrument. 
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8-94. When the POWER switch is in the STBY position, 
as shown in the simplified schematic of Figure 8-25, a 
positive voltage is applied through K1 relay coil to the 
emitter of QI1, biasing this transistor into conduction. 
The current is limited by resistors R30 and R32 so that 
the relay is not activated. Q4 is biased on by the current 
through Q11 to the point where it behaves in the same 
manner as it would if there was excessive current through 
the sensing resistor, R4. This causes the series pass 
regulator, Q2, to be turned off, disabling the -15 V 
regulator. Because the +5 V and +15 V regulators are 
referenced to the -15 V supply, they are also disabled. 


8-95. When the POWER switch is set to ON, the emitter 
of QII is grounded, turning this transistor off. 
Consequently it has no effect on the -15 V regulator 
circuits. Relay K1 is activated, turning on the blower. 


8-96. An overvoltage protection circuit in the + 5V sup- 
ply prevents the voltage from becoming high enough to 
damage the TTL devices in the instrument. This circuit 
consists of an SCR (A2CR10) which is triggered if the 
voltage across A2R14 becomes too great. (Refer to the 
Power Supply schematic, Service Group O.) When the 
SCR is triggered, it becomes a short circuit between the 
unregulated + SV and ground. The result is that the + 5V 
regulator is disabled and the power input fuse, F1, will 
be destroyed. 


8-97. The only voltage adjustment is A2R22 in the -15 V 
regulator. This control adjusts the +5 V and +15 V 
outputs also because they are referenced to the -15 V 


supply. 


-I5V 


-15V 


(UNREGULATED) 


+5 


(REGULATED) 


3325A-25 


Figure 8-25. Power Supply Standby/On Circuit. 
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8-98. SINE AMPLITUDE CONTROL PATH. 


8-99. Amplitude Control Circuitry. 


8-100. The control of sine output amplitude involves a 
large amount of circuitry. The circuitry used is shown in 
Figure 8-26. Each block in this figure indicates the cir- 
cuit board and schematic appropriate to that function. 
The process begins with the processor loading a number 
into the preset counters. For the length of time that it 
takes for these counters to count to zero, a current source 
is on and is charging up an integrator in the DAC. When 
the current source turns off, the integrator voltage is sam- 
pled and held. This D.C. voltage goes through a gain 
stage and a multiplier chip and establishes the bias on 
the 30MHz switch. This controls the level of the 30MHz 
reference signal to the mixer. From the mixer, a 0-20MHz 
signal is supplied to the function circuits, the output am- 
plifier, the attenuator, and on to the instrument output. 
Through all these stages the signal’s amplitude is con- 
trolled by the D.C. voltage to the 30MHz switch. 


CURRENT 
SOURCE 
Al4-I 


PRESET 
COUNTER 
A1l4-J] 
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8-101. As seen in Figure 8-26, there exists a feedback path 
through the processor. Using a peak detector, the proces- 
sor is able to sample the D.C. offsets and amplitude of 
the signal at the output of the Output Amplifier and com- 
pensate for errors by loading adjusted numbers into the 
Preset Counters. 


8-102. Auto Calibration Disable (ACD). 


8-103. When servicing the amplitude control path, it is 
imperative that the feedback path be eliminated before 
troubleshooting begins. This is performed by tying the 
ACD test point (on Al4) to ground. This breaks the 
loop by preventing the processor from performing 
subsequent Auto Calibrations. After tying ACD to 
ground, cycle power off, then on, to erase from RAM 
all previous Auto Cal information. 


MULTIPLIE 
A3-G 


The Amplitude Calibration Disable, ACD, is used to break the 
feedback path during troubleshooting of amplitude problems. 


FUNCTION 
CIRCUITS 
Al4-J 


PROCESSOR 
A&-C 
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number followed by the schematic number. 
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Connect ACD to Gnd and cycle power off and on. 
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Figure 8-26. Sine Amplitude Control Path. 
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8-104. SERVICING INFORMATION. 
8-105. Power Line Voltage Selection. 


8-106. Instructions for setting your instrument to the 
proper power line voltage are contained in Paragraph 
2-8 and Figure 2-1. 


8-107. Fan Filter. 


8-108. The fan filter must be inspected frequently and 
cleaned or replaced as necessary to permit the free flow 
of air through the instrument. To clean the filter, 
remove the four nuts that secure the filter retainer, 
remove the filter and flush with soapy water, rinse 
clean, and air dry. 
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8-109. Adapter Cable. 


8-110. An adapter cable may be made as shown in Figure 
8-27 that will aid in adjusting and troubleshooting the 
instrument. This cable has a phone plug at one end to 
connect to the phono jacks used as signal connectors on 
the printed circuit board. The BNC connector at the other 
end connects to the input of an oscilloscope or other test 
equipment. 


8-111. Access to Reverse Side of A21, A3, A14, and A6. 


8-112. The square slotted fasteners used to secure one 
edge of printed circuit assemblies A21, A3, Al4, and A6 
can be used to support the board in a vertical position, 


Table 8-2. Assembly/Cable Compatibility for Serial Numbers 


1748A04250 and Below. 


and some Rev C 


A211 (A1) 
03325-66521(01) 


A6 
All Rev A, Rev B 
and some Rev C 


* 


Assembly To Be Affected Destination Cable/ Part Numbers For 
Replaced Assembly(ies) Connector Destination Assy 
Modification 
A6 A3 W33/A3J1 8120-3108 (Cbl)** 
03325-66506 * All Rev A and Rev 1251-6567 (Conn) 
B Boards 
A14 (A4) W32/A14J1 8120-3108 (Cbl)** 
* All A4 Revisions 1251-6567 (Conn) 
and A14 Rev A 
A21 (A1) W31/A21J1 8120-3108 (Cbl)** 
* All A1 Revisions 1251-6567 (Conn) 
and A21 Rev A 
__Al4 (A4) A6 W32/A6J2 8120-3108 (Cbl) ** 
03325-66514(04) * All Rev A, Rev B 1251-6567 (Conn) 
and some Rev C 
A23 (A7) W30/A23J30 8120-3216 (Cbl)** 
* All A7 Revisions 1251-5064 (Conn) 
and A23 
RevA/RevB 
A3 A6 W33/A6J3 8120-3108 (Cbl)** 
03325-66503 * All Rev A, Rev B 1251-6567 (Conn) 


W31/A6J4 8120-3108 (Cbl)** 


1251-6567 (Conn) 


A23 (A7) 
03325-66523(07) 


A14 (A4) 
All A4 Revisions 
and A14 Rev A 


* 


W30/A14J30 8120-3216 (Cbl)** 


1251-5064 (Conn) 


board replacement is not required. 


** Assemblies ordered for replacement contain the new connectors, however, the newer (gray) cables are 
not included. They must be ordered separately along with the connectors for the destination assemblies. 


Note - Because of the increased reliability, all cables and connectors should be changed regardless of the 
assembly and destination assemblies involved. Cable and connector replacement is recommended even if 


Note - If necessary (although not recommended), a newer replacement assembly may be fitted with the 
older connectors (P/N 1251-4494, 21 pin/ 1251-4390, 14 pin) for use with the older (white) cables (P/N 
8120-2577, 5in/8120-2576, 2.3in). 
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permitting access to both sides of the assembly for ser- 
vicing. All cables may be left in place and the instrument 
may be operated with a board in the vertical position. 
After releasing the printed circuit board by removing all 
screws, screw the square fasteners back into their threaded 
standoffs, and insert the edge of the board into the slots 
in the fasteners, as shown in Figure 8-28(a). The -hp- part 
number of the fastener is 0570-0621. Newer 3325s may 
not have these standoffs installed. 


Make sure that the fasteners do not contact 
any circuitry other than the ground plane. 


8-113. AG, A14, A3, A21, A23 Connector Compatibility. 


8-114. 3325A’s with serial number 1748A04250 or below* 
contain PC assemblies with certain cables and connec- 
tors which are not compatible with later revision boards. 
When replacing A6, Al4, A3, A21, or A23 in a 3325A 
in the range identified above, the connector(s) on the 
older destination assembly must be changed in order to 
be compatible with the cables used with the newer boards. 
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For example, if the A6 Controller assembly is replaced 
in a 3325A containing the older boards and cables (white), 
connectors Al4J1, A3J1, and A21J1 on the destination 
assemblies must be replaced also. The new connectors 
which can be mounted in the same holes as the old ones, 
were implemented because of their greater reliability. 


Table 8-2 identifies the assemblies, cables, and connec- 
tors affected when board replacement is necessary. 


8-115. TROUBLESHOOTING INFORMATION. 


8-116. Service information is organized into service 
groups, which include schematic diagrams, block dia- 
grams and troubleshooting information for specific areas 
of the instrument. Paragraph 8-2 contains an index of 
the circuits and the service groups in which they can be 
found. 


8-117. Test Equipment Required. 


8-118. Table 8-3 lists the test equipment needed to 
troubleshoot the 3325A. Any equipment that meets or 
exceeds the critical specifications may be substituted for 
the recommended model. 


Table 8-3. Test Equipment for Troubleshooting. 


Instrument 


Critical Specifications 
Signature Analyzer Signature: 4-digit hexadecimal 
Characters: O thru9,A,C,F,H,P,U 
Threshold: 

Logic 1: +2.2V 

Logic 0: +0.5V 
Clock Frequency: = 1.5 MHz 


Recommended Model 


-hp- 5004A Logic Circuit Troubleshooting 


Pulse Rate: 500 kHz 
Pulse Width: <1 us 
DC Offset: 1 V 


Pulse Generator 


Digital Multimeter DC Function 
4 Digit Ranges: .1 to 100 V 
Accuracy: +0.2% 
AC Function 
Ranges: .1 to100 V 
Accuracy: +0.5% 
Ohmmeter 
Ranges: 1002 to 1 MQ 
Accuracy: +1% 


Vertical 
Bandwidth: dc to 100 MHz 
Deflection: 5 mV to 10 V/div 
Horzontal 
Main Sweep: 50 ns to 2 s/div 
Delayed Sweep: 50 ns to 20 ms/div 


Oscilloscope 
2 channel 


Electronic Counter Frequency Measurement: to 20 MHz 
Accuracy: + 2 counts 


Resolution: 8 digits 
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-hp- 3312A Logic Circuit Troubleshooting 


-hp- 3466A General Troubleshooting 
-hp- 1740A General Troubleshooting 


-hp- 5328A +N Counter Troubleshooting 
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COAXIAL CABLE = 1 
METER -hp- PART NO. 
8120-0144. 


NUT -hp- PART NO. 


1250-0050. 


BNC BODY -hp- PART NO. 


1250-0052. “ : PHONO PLUG -hp- PART 
; NO. 1251-0698. 


BNC PIN -hp- PART NO. 
1250-0089. 


Figure 8-27. Adapter Cable. 


Figure 8-28(a). Access to Reverse Side of Assemblies. 


8-27 


Service 


8-119. Adjustments Required After Repair. 


8-120. Following repair of some circuits, certain adjust- 
ment procedures must be performed to assure proper 
operation of the instrument. These adjustments are 
shown in Table 8-4. 


8-121. Basic Troubleshooting Procedures. 


8-122. Make sure all cables and connectors are firmly 
seated and that the flat cables from A6 to A21, A3, and 
A14 are properly aligned in their connectors. Look for 
burned or loose components. Also make sure the 
microcircuit packages that are mounted in sockets are 
firmly seated. 


8-123. The flowchart of Figure 8-28(b) may be used to 
help isolate the trouble. Some symptoms that are iden- 
tifiable from the display, outputs, or response to inputs 
or entries are given in Table 8-5, along with suggested 
areas to begin troubleshooting. 


8-124. Orientation Of Components. 
8-125. A square pad is used on the printed circuit board 


to aid in orientation of certain components for replace- 
ment and in identification of connections. 


Component Square Pad Identifies 
Integrated Circuit Pin 1 
Transistor Emitter 
FET Transistor Source 
Diode Cathode 


Positive Connection 


Electrolytic Capacitor 
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8-126. Mnemonic Dictionary. 


8-127. Most of the logic and data signals in the 3325A 
are identified on the schematic diagrams by a mnemonic, 
which is essentially an abbreviation of the signal name. 
Table 8-6 is a dictionary of the mnemonics used in the 
3325A. 


8-128. Logic Troubleshooting by Signature Analysis. 


8-129. Because of the increased complexity of the logic 
circuits used to control many instruments, malfunctions 
in these circuits are very difficult to locate. The concept 
of Signature Analysis is based on the fact that at a par- 
ticular point in a circuit, the data pulses are predictable 
under specifically programmed conditions. An instru- 
ment such as the -hp- 5004A Signature Analyzer com- 
presses the data at a given point during a controlled time 
span (window) and displays the resulting four-character 
signature. This signature indicates whether the correct 
data was present at the measurement point, and this in- 
formation can be used to locate a defective component. 
The signature analysis method is used to troubleshoot 
the 3325A logic in Service Groups A, B, and C. 


8-130. The flowchart of Figure 8-28(b) and the symptoms 
listed in Table 8-5 may direct you to a Signature Analy- 
sis Test in Service Group A, B, or C. Basically, the vari- 
ous tests apply to the following circuits: 


Table 8-4. Adjustments Required After Repair. 


Service Para. 
Circuit Repaired Group Adjustments Required No. 
A 


Keyboard 

HP-IB 

Control 

Voltage Controlled Oscillator 

VCO Buffer 

+ N.F Counter 

Fractional N Analog 

30 MHz Oscillator 

Sine Amplitude & Amplitude 
Mod. 

Mixer 

D/A Converter and Sample/Hold 

Ramp Gating Circuits 

Output Amplifier 


Sweep Range Circuits 
X Drive Integrator 

High Stability Reference 
Power Supply 
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B 
Cc 
D 
D 
E 
F 
G 
G 
H 
| 
J 
K 
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None 

None 

None 

VCO Frequency 

None 

None 

Analog Phase Interpolation 
30 MHz Reference Oscillator 
Amplitude Gain 


Mixer Spurs 

D/A Converter Offset 
Ramp Stability 
Amplifier Bias 
Amplitude Flatness 

X Drive 

X Drive 

High Stability Reference 
Power Supply 

D/A Converter Offset 
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S Test gd Circuits Tested 3 8-B-1 Checks the HP-IB data path 
from the processor to the 
ROM 8-C-2 ROM’s (A6U1-4), Processor HP-IB connector and back. It 
(A6U9), and Buffer (A6U10). does not check the handshake 
Unless these circuits are circuits. 
operating properly, none of 
the other tests will work. 4 8-A-2 Checks the ability of the pro- 
cessor to identify front panel 
4) 8-C-6 This test is a point-by-point switch closures. Also checks 
signature analysis of all IC’s A5 LED drivers, current 
on the Aé assembly. sources, and digital circuits. 
1 8-C-15 Tests the ROM/RAM address 5) 8-C-29 Checks the data path from the 
registers and buffer circuits. processor to the fractional N 
control IC (A21U19), and 
2 8-C-23 Checks the ability of the RAM checks several operations of the 


address register to count up fractional N control. 


and down. Checks RAM out- 
put data. 


Table 8-5. Trouble Symptoms. 


Troubleshooting Procedures Troubleshooting Procedures 


No front panel display or 
annunciators. 


Abnormal display char- 
acters (partial characters 
or all segments stay on), 
no response to front panel 
entries. 


Display appears normal, 
but no response to front 
panel entries. 


Instrument accepts en- 
tries but has no signal or 
sync outputs. 


No signal output; 
output correct. 


sync 


Will not sweep frequency. 


X Drive, Z Blank, or Mark- 
er signals incorrect. 


When External Reference 
or Option O01 is con- 
nected to rear panel REF 
IN, front panel EXT REF 
annunciator does not light 
or flashes on and off. 


Output frequency incor- 
rect. 


If power supply voltages are correct 
(see Service Group O) go to Service 
Group C; if not, troubleshoot power 
supply, Service Group O. 


Service Group C 


Service Group C 


Service Group K 


Service Group L 


Service Group E 


Service Group N 


Service Group G 


Service Group G 


No AUX output or incor- 
rect frequency (sine func- 
tion 21-60 MHz); front 
panel output normal. 


Amplitude Modulation 
does not respond proper- 
ly. 


Phase Modulation does 
not respond properly. 


Display reads OSC FAIL. 


Output amplitude incor- 
rect for all functions. 


Instrument accepts front 
panel entries but will not 
program from HP-IB. Fails 
HP-IB Performance Test. 


OSC. FAIL display indica- 
tion but oscillator circuits 
check good. 


Display or 
switch problems. 


keyboard 


Control problems, or in- 
strument ‘‘locks up’’ and 
will not accept entries. 


Cannot perform Signature 
Analysis Tests 1,2, or 3. 


Above tests do not locate 
the defective component. 


Service Group D 


Service Group G 


Service Group F 


Service Group D 


Service Group L 


Service Group B, 
Signature Analysis Test 3 


Service Group C, 
Signature Analysis Test 5 


Service Group A, 
Signature Analysis Test 4 


Service Group C 


Signature Analysis Tests 1, 2 


Service Group C 


ROM Signature Analysis Test 


Service Group C 
Signature Analysis Test 0 
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Table 8-6. Mnemonic Dictionary. 
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HATL 
HATN 
HATT 


H BBCL 

LBCL 

H BDCQ 
thru 

HBDC1 

HBDS1 
thru 

HBDS2 

HBI 

H BIG 

LBOR 

HBPID1 
thru 

H BPID8 

HBPOD1 
thru 

H BPOD8 

H BSID 

H BSOD 


LCAR 
HCDN 
LCHK 
HCODA 
H CODB 
HCSO 
thru 
HCS2 
HCSOD 
thru 
HCS2D 
HCS1DD 
thru 
HCS2DD 
LCSR 
LCSRZ 
HCUN 


LDAC 
HDCO 
thru 
HDC6 


LDOE 
HDSO 
thru 
HDS3 

LEC 
HEOI 


HFND 


HIAK 
HIBI 
HIEN 
LIFC 
LIRG* 
HII 
LIMBP 
LINV 


H KCl 


LLCN 
LLDI 
LLDO 
LLMBL 
HLNG 
LLRAR 


LLRCR 
LLRP 


Addressed to Listen 
Attention 
Addressed to Talk 


Bus Clock on HP-IB side of isolation 
Bus Clock to HP-IB 


Direct Control @-1 on HP-|B side of 
isolation 


HP-IB Data Serial 1-2 


Bus Interrupt 
Bus Interrupt Gated 
Borrow (from RAR Low) 


HP-|B Parallel Input Data 1-8 


HP-IB Parallel Output Data 1-8 


HP-IB Serial Input Data 
HP-|B Serial Output Data 


Carry (from RAR Low) 
Count Down Enable 
Check 

CodeA 

Code B 


Chip Select 0-2 


Chip Select 0-2 Delayed 


Chip Select 1-2 Doubly Delayed 


Clock Shift Register (Keyboard & Display) 
Clear Select ROM Zero 
Count Up Enable 


Data Accepted 


Direct Control @-6 


Data Out Enable 
Device Select 0-3 


External Clock (to N.F Chip) 
End or Identify 


Fetch New Data 


Interrupt Acknowledge 

Inhibit Bus Interrupt 

Interrupt Enable 

Interface Clear 

Interface Clear Latched 

Interrupt Inhibit 

Inhibit Machine Bus to Processor Bus 
Instruction Valid (to N.F Chip) 


Kilohertz Clock Interrupt 


Load RCR Enable 

Load Data In 

Load Data Out 

Load Machine Bus Latch 
Listening 

Load RAM Address Register 


Load RAM/ROM Control Register 
Load RAM Page Register (from Decoder) 


Machine Bus Latch 0-7 
Main Clock 


Machine Data Bus 0-7 


New Byte Accepted by Acceptor 
Handshake 

New Byte Available to Source Handshake 

Enable Machine Bus Latch to 
Machine Bus 

New Data Ready 

Enable Machine Bus to Processor Bus 

Enable RAM Address to Machine Bus 

Enable Reset Code A 

Enable RCR to Machine Bus 

Enable ROM Data 

Enable Sweep Limit Flag 


Output Data Valid 


Processor Data Bus 07 


Parallel Input Data (from HP-IB, 
Processor side of Isolation) 

Preset 

Program Source Gate 


ROM Address 0-11 


Read Arithmetic Data (from N.F Chip) 
RAM A Enable 

Read Bus Address 
Read HP-IB Data 

RAM B Enable 

Reset CodeA 

Reset CodeB 

RAM C Enable 

Remote Enable 

Ready for Data 

Read Function Flags 
Reset Fetch New Data 
Read Interrupt Register 
Read Keyboard Data 


RAM ADDRESS 0-9 


Reset Output Data Valid 
Read Signal Source Data 
RAM Write Enable 


Select RAM Address Register 

Set Addressed to Listen 

Set Addressed to Talk 

Set CodeA 

Set Code B 

Select ROM/RAM Control Register 

Set Fetch New Data 

Sweep limit Control 

Sweep Limit Flag 

Sweep Limit Interrupt 

Select Monitor 

Select Machine Bus (from Decoder) 

Select Machine Bus Latch 

Serial Output Data to HP-IB, Processor 
side of Isolation 

Set Output Data Valid 

Spare 

Select RAMA 

Select RAMB 

Select RAMC 

Select RAM (from Decoue. 


Model 33254 


Set POWER Switch From 
STBY ToON 


Does 
Fan Start? 


Are 
Any Front 
Panel LED's 
On? 


Is 


Service 


Determine Reason For Bad Fuse 
Rear Panel And Replace. See Service Group 
Fuse Good? 0. 


YES YES 
Check A2K1 And Fan. See Serv- Check Power Supplies. Service 
ice Group 0. Group 0. 


Does A 
Front Panel re 
Does 
Display Indicate: Is Display 
eurctlon Sine Display Blank? Characters Display Rene 
Frequency - 1000.0 Hz Abnormal? OSC FAIL 


Are Go To vco 


Troubleshooting. Service 
Power Supply 
Woltages Correct? :? S Group D. 


Service Group 
0 


NO 


Press: Check Power Supplies Service Go To Logic Trouble- 
Blue Key Group 0. shooting. Service Group 
SELF TEST A. 


Go To Logic Trouble- 
shooting. Service Group 
c. 


Did Did Did 


Display Display Display PASS 3[ Go To Symptom Table 
Momentarily Momentarily Momentarily 8-5 
Read: Read: Read: 


FAIL | FAIL 2 FAIL 3 


Go To Sine Wave Trouble- ge hy Sauere Wave Trou- Go To Triangle Trouble- 
shooting, Service Group J eer ings Mier shooting, Service Group J 


Figure 8-28(b). Basic Troubleshooting Procedure. 
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GENERAL SCHEMATIC NOTES e 


1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. 
PREFIX WITH ASSEMBLY OR SUBASSEMBLY DESIG- H H L 
NATION(S) OR BOTH FOR COMPLETE DESIGNATION. 

2. COMPONENT VALUES ARE SHOWN AS FOLLOWS UN- 


LESS OTHERWISE NOTED. 
RESISTANCE IN OHMS 


CAPACITANCE IN MICROFARADS 
INDUCTANCE IN MILLIHENRYS H L L 
3: ak: DENOTES EARTH GROUND. 


y 


DENOTES BUFFER 


v 


USED FOR TERMINALS WITH NO LESS THAN A 
NO. 18 GAUGE WIRE CONNECTED BETWEEN DENOTES INVERTER 
TERMINAL AND EARTH GROUND TERMINAL OR 


AC POWER RECEPTACLE. ABcaA 
A 
4. | DENOTES FRAME GROUND. B Q enacts 
USED FOR TERMINALS WHICH ARE PERMA. c L LHL 
NENTLY CONNECTED WITHIN APPROXIMATELY 
TIVE Be sal ea | 
0.1 OHM OF EARTH GROUND. ice ae } LHL 
A 
5. DENOTES GROUND ON PRINTED CIRCUIT B Q Hoe Le 
ASSEMBLY. (PERMANENTLY CONNECTED TO c HO HL 
PRONE Sree t: NEGATIVE OR HHLL 
H HHH 
mem DENOTES ASSEMBLY b eoeo8 
] IIs OFNOTES MAIN SIGNAL . oe ite 
PATH Q 
: c L & A 
QO. ee eee ee DE NOTES FEEDBACK POSITIVE NAND Lae oe 
PATH fra 
a H 
10. as | DENOTES FRONT PANEL MARKING. B Q HLLH 
c HL HH 
r—--o NEGATIVE NOR H HLH 
14. 4 ; DENOTES REAR PANEL MARKING. en 
ee DENOTES SCREWDRIVER ADJUST. AB Cc Q 
vw A 
. B Q E Lb 
13. % AVERAGE VALUE SHOWN, OPTIMUM VALUE SE- c er 
LECTED AT FACTORY. THE VALUE OF THESE 
COMPONENTS MAY VARY FROM ONE INSTRU- NEGATIVE NAND BosLn een 
MENT TO ANOTHER. THE METHOD OF SELECTING . L HHL 
THESE COMPONENTS IS DESCRIBED IN SECTION V a 5 Sie oak 
OF THIS MANUAL. 
= c HLHL 
14. —J »— DENOTES SECOND APPEARANCE OF A CON- POSITIVE NOR Aer viet 
a4 NECTOR PIN. ore 
15.924 , DENOTES WIRE COLOR: COLOR CODE SAME AS 
RESISTOR COLOR CODE. FIRST NUMBER IDEN- ABQ 
TIFIES BASE COLOR, SECOND NUMBER IDEN- A a 
TIFIES WIDER STRIP, THIRD NUMBER IDENTIFIES Lee 
NARROWER STRIP. (eg. \924, =WHITE, RED, B L HH 
YELLOW.) EXCLUSIVE OR GATE HLH 
17. ALL RELAYS ARE SHOWN DEENERGIZED. HHL 
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REFERENCE DESIGNATIONS 


ASSEMBLY ASSEMBLY 


REFERENCE ASSEMBLY PART NUMBER 
DESIGNATION NAME (INCLUDES A2Al SUBASSEMBLY) 
= SSS SSF 


PAP VASTIC MOUNTED OM POWER SUPPLY (OOXXX-66501) | 
CHASSIS OR ANOTHER ASSEMBLY 


PLUG PI IS MOUNTED ON ASSEMBLY OR IS PART 
pine OF THE ASSEMBLY BOARD (COMPLETE DESIGNATOR IS A2P!) 


FERRITE 


i TEST VOLTA 
PI 1S NOT MOUNTED ‘ EST VOLTAGE 


ON A2 ASSEMBLY 
(COMPLETE DESIGNATOR IS Pi) 
age Mr CENe DESIGNATOR IS A2R4 


SUBASSEMBLY OF A2 


DENOTES SCHEMATIC 
(COMPLETE DESIGNATOR IS A2Al) 


ON WHICH CONNECTION 


. , [S MADE 
SSS a NUMBER INDICATES ~— Al 1 
PIN OF XA2 AND PI AT RECHOPPER OGGu> 
924 | 92 


| 
| MALE STANDOFF eau PIN 
| PIN CONNECTOR CONNECTOR ON 


WIRE COLOR: COLOR CODE IS THE SAME 
AS THE RESISTOR COLOR CODE. FIRST EYELET OR STAND- | 
NUMBER INDICATES BASE COLOR, SECOND | OFF TERMINAL, MAY OR 
NUMBER INDENTIFIES WIDER STRIP, AND , MAY NOT BE NUMBERED COMPLETE 
THE THIRD INDICATES THE NARROWER cy OFS Sore 
STRIP. (924, DENOTES WHT/RED/YEL WIRE) | 8 | 


MAY OR MAY A WHT/RED WIRE 


NOT BE NUMBERED | as 
A 


PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY 
DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNATION 


STO-B-2192 
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| 


za 

© 

< 
a 

—) 

i) 

= 
—% 

So 

os 
a 
o 

n 
af 
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SERVICE GROUP A 
KEYBOARD AND DISPLAY 


Model 3325A 


SERVICE GROUP A - KEYBOARD AND DISPLAY. 


Troubleshooting Information. 


The most common problem with the A5 front panel assembly are stuck keys. A stuck key 
is often noticeable by its ‘‘lack of play’’. The following troubleshooting hints are intended 
to help determine whether a problem on the A5 assembly is due to a malfunctioning key or 
a component failure. 


1. Check the 1kHz clock signal at TP1, TP2, and TP3. The 1kHz clock is the rate at 
which a logic ‘‘1’’, supplied by HMD4 of the machine data bus, is shifted through 
registers U6 and U3. 


2. Check U3 pin 13 for a 5V pulse every 16ms. A 5V pulse on this pin at a 16ms rate indi- 
cates that shift registers U6 and U3 are functioning properly. 


3. Using an oscilloscope, look at the inputs (D0-D3) to U8. A negative going pulse on one 
of these inputs occurs when a front panel key is pressed. A negative pulse that is present 
when no keys have been pressed indicates a stuck key. 

4. Check the machine data bus lines at the input and output of U9 for logic level transi- 
tions. The same level present at the input and its corresponding output indicate a problem 
with U9. 


5. Signature Analysis Test #4 can be used to determine if a key is stuck. This test also 
checks the LED drivers, current sources, and digital circuits. 


Removal of Keyboard Printed Circuit Assembly A5. 


Disconnect the flat gray cable to the keyboard assembly from A6, and disconnect the signal and sync 
output cables from the front panel. 


Remove the plastic trim strip from the top of the front frame by prying up with a small screwdriver 
or similar tool in one of the slots near either end of the strip. 


Remove the two screws from the top of the front frame (beneath the trim strip) and two correspond- 
ing screws from the bottom side of the front frame. 


Push the printed circuit board and front panel assembly forward to remove from the front frame. 


Remove the ten screws that hold the printed circuit board to the front panel assembly. 


Replacement of Keyboard Switches. 


The keyboard switches (except the power switch) may be removed by using a hot soldering iron to 
melt the plastic tabs on the back of the printed circuit board that hold the switch to the board. 


Service 
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8-A-2 


Model 3325 


The keycap is press-fitted to the switch and may be pulled off. 
To install a new switch, make sure the switch is oriented properly, hold it firmly against the 


printed circuit board, and ‘‘rivet’’ the plastic tabs with a flat soldering iron tip. Be careful 
not to apply so much heat that the tabs are completely melted. 


SIGNATURE ANALYSIS TEST 4. 


This test checks the ability of the processor (A6U9) to identify front panel switch closures. It 
also checks the AS LED drivers, current sources, and digital circuits. 


This test uses two methods of signature analysis. The main difference between these 
methods is: 


Method | tests a repetitive data stream for a fixed period of time and generates a 
single stable signature. 


Method 2 tests a logical 1 (+5 V) for several periods of time, which are deter- 
mined by the 3325A processor in response to the errors it has sensed or the test 


routine that has been programmed. Each situation produces a unique stable 
signature. 


Some signatures in this test are observed at IC’s which are on the front panel printed circuit 
board, A5. Use the following procedure to gain access to the front of this board: 


a. Disconnect the internal cables from the Signal and Sync output connectors. 


b. Remove the plastic trim strip from the top of the front frame by prying up with a small 
screwdriver or similar tool in one of the slots near either end of the strip. 


c. Remove the two screws from the top of the front frame (beneath the trim strip) and 
two corresponding screws from the bottom side of the front frame. 


d. Push the printed circuit board and front panel assembly forward to remove from the 
front frame. Be careful not to put stress on the flat cable to the front panel assembly. 


e. Remove the ten screws that hold the printed circuit board to the front panel assembly. 
Use the following procedure for Signature Analysis Test 4: 
a. Set the 3325A POWER switch to STBY. 


b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 
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c. Connect the signature analyzer as follows: 


& ClO CK meme eerste ea nero SA CLK (at left of A6U9) 
Startand stop... saccade er SA S/S (at right of A6U15) 
GOUII oops reetcece sos eee ave nese ote eR Suto ye eee ode 3325A ground 


(stiffener channel on deck between A6 
and A21 or any Ground test point) 


d. Set the signature analyzer controls as follows: 


| sbi Vekeererec ic cretion npc oon S Pace Chcic Ce a oee eee tc te ee ere ree Oe On 
SUAR tare eye ee ere at aerate dar teens rare craters (in) 
0) lem ist unas Serer Onan Serone ain eee rd oid eae oor e (in) 
Geld eae eva Heron OOO Dino Oe RO Oe OTH ORAS a eCk ROR _I (out) 
FRO dseecotnc cst estes Ge lo aah Rue Sual sleiia, ite ona aenalelae seein Off 
Selfuslestirec mea crreree caches steerer tees ees ete eee ren emu neer aet: Off 


e. Make sure the CS@, CS1, & CS2 shorting connectors (near right front corner of A6) are 
in the center position. 


f. Connect A6TP3 and A6TP6to ground. 


g. Set all bus address switches (A6S1) to the OFF position. See switch drawing below. 


Address Switches 


-NwWFAO 


LON — Listen Only 
ROM — ROM Disable (For Test Only) 


HUBU BEE 


h. Set 3325A POWER switch to ON. 
i. Disconnect ground from A6TP3, then A6TP6. 
j. Set bus address switch 4to ON. 


k. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the 
center of A6is + 5 V. 


1. Follow the flow diagram from START. If no stable or valid signatures are obtained, 
the processor (A6U9) or the ROM’s (A6U1-4) may be defective. Use the ROM Signature 
Analysis Test to check these components. 


NOTE 


After completion of the test, be sure to replace all cables, jumpers, 
and switches to the normal position. 
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\f 


NO 
+5V = 4F21 


YES 


Place Signature Analyzer 
Probe on +5V. Press and 
hold each key and read 
the signature. If any 
signature is incorrect, 


take the ‘‘NO”’ exit from 
this block. All LEDS 


If the signature is not 
4F21, indentify the faulty 
circuit by finding the ac- 
tual signature in the key 
signature list. Then place 
the probe on the point 
shown below opposite the 
signature. If the signature 
observed at this point is 
the same as the previous 
signature, take the ‘’YES"’ 
exit from this block. If not, 
take the ‘‘NO”’ exit. If the 
signature does not corres- 
pond to any on the list, go 
to the ROM Signature 
Analysis Test. 


YES _ 


YES 
A5U6-8 = C1UP 


NO 


Faulty Device Select 
(A6U9) or Bad A6-To-A5 


Connection. 


| Ave AllLeds On| All Leds On WES 


NO 


Press and Hold the designated key 
and read the signature at the IC pin 
indicated. 


IC Pin Sig. 


A5U5-1 = 9P9H 

A5U5-3 = FHO1 

Minus A5U5-5 = 76U5 
Sine A5SU5-9 HA2P 
Ramp Down A5U5 


= 23HC 


1 
Up Arrow A5U5-13 82CF 


8 A5U1 C875 
Phase A5U1 = AU7C 


YES 


YES 
A5TP3 = FU15 


NO 


Troubleshoot 


Local A5U1 6HOF Troubleshoot 
Freq A5U1 


MHz A5U1 


should be ON except 
while a key is pressed. 


A6U25 or A6-To-A5 Con- 
nections 


= F431 


-1 
1 
-1 
3 
Store A5U1-5 5991 
9 
-11 
13 = FFHH 


Troubleshoot 


A5U8 


Key Signature List 


YES Troubleshoot 


Sig A5UB Pin A5U3, U6 C2 ines ideation 
roubleshoo 
REY nature ASUS, U6, or Switch 
Local HOFH 5 
Start Cont 6475 2 
Start Freq F431 12 
Stop Freq 10F4 9 
Reset/Start 991H 5 
Marker Freq OF40 2 YES 
Sweep Time CHPU 9 YES YES Troubleshoot 
Frequency 4310 5 ASTP1 = 3056 eae — peao. Are Many Leds Off ASZ1-28 or ASU2, U4 or 
Amplitude C433 9 A5U9-6 : A33P U7 
Phase AU7C 12 NO : NO 
A5U9-9 FFA8 
DC Offset 6HOF 12 A5U9 12 CO1F 
Blue Prefix U7CP 5 Troubleshoot A5U9-15 = 69P8 
St 5 1 1 : = 
coed rope i A6U16 or A6-To-AS Con: ee 2 ee Check For Defective Leds 
Clear 76U5 5 negetiens 
Minus HHCH 9 
0 FHO1 12 
1 3405 9 
2 HO16 5 A5U9-2 = UAUA Troubleshoot 
3 4058 2 A5U9-5 = P840 A5U9 
A5U9-6 A33P 

4 67A7 12 A5U9-9 = FFA8 YES ; 
5 9P9H 9 A5U9-12 = CO1F Test Passes 
6 7A77 5 A5U9-15 = 69P8 
7 PQHU 2 A5U9-16 = AO7F 
8 C875 12 A5U9-19 = U2C3 

P1H4 9 
Period C76U 12 ai 
Sec HCH5 2 
MHz FHH2 5 E 

3374 9 A5TP1 = 3056 YES Troubleshoot 

FFHH 12 
DEG 374A 2 NO 
Up Arrow 82CP 12 
Down Arrow OAUY9 9 Device Select Problem 
Left Arrow 2CP7 5 A6U16-1 YES YES Troubleshoot 
Right Arrow AU9H 2 A6U16-2 A6U16-6 = FUIH A6U16 
Sine HA2P 12 A6U16-3 = 
Square 68CC 9 AGU16-4 = NO 
Triangle A2PF 5 
Ramp Up 8CC3 2 YES 
Ramp Down 023H 12 A6U9-16 = FUIH base 
Amptd Cal 23HC 5 Troubleshoot 
Signal Output 8U6P 2 A5U9 NO 

YES NO NO Troubleshoot 


A6U9 


Check Appropriate Switch 


Figure 8-29. Signature Analysis Test 4. 
8-A-5 


Service Model 3325A 


WRITE KEYBOARD 
DISPLAY DATA 


SEGMENT SELECT 
(7 SEG. AND DECIMAL 


8 
CURRENT 
SOURCES 


|} 


|| DIGIT 
NUMARIC DISPLAY 


DIGIT ENABLE 
(11 LINES) 


(5 LINES) 


MACH | NE 
DATA BUS 
(8 LINES) 


— 


|6-BIT 
SERIAL IN 
PARALLEL 
OUT 
SHIFT 


(16 LINES) 


as | 


REGISTER 


ANNUNC | ATOR 
MATRIX 


SCAN CYCLE EVENTS 


(8 LINES) 


CLOCK SHIFT 
REGISTER 


SHIFT 
REGISTER 


| [2 [3 


4|5|e]7[s8[9fioi i2i3 


SCAN TWELVE 
KEYBOARD MATIX LINES 


ENABLE ELEVEN | ENABLE FIVE 


ii sig 


READ 
KEYBOARD 


+ 


(12 LINES) 
4 
TRI-STATE 


v 
(4 LINES) | veveoarp 
BUFFER MOTRIN 


|< 


NUMERIC DISPLAY ANNUNC | ATOR 
14 LINES) 


DIGITS SETS 


Keyboard and Display Block Diagram 
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Designator 


ci 
C2 
C3 
C4 
cS 
C6 
C7 
c8 
cg 
C10 
CR1 
CR2 
CR3 
CR4 
CR5 


CR6 
CR7 
CR8 
CR9 
CR10 


CR11 
CR12 
CR13 
CR14 
CR15 


CR16 
CR17 
CR18 
CR19 
CR20 


CR21 
CR22 
CR23 
CR24 
CR25 


CR26 
CR27 
CR28 
CR29 
CR30 
CR31 
CR32 
CR33 
CR34 
CR34 
CR35 
CR36 


J1 


1 

Qi 
Q2 
Q3 
a4 


as 
a6 
Q7 
as 


R1 
R2 
R3 
R4 
RS 


R6 
R7 
R8 
RQ 
R10 


R11 
R12 
R13 
R14 
R15 
R16 


Board Location 


TAODOIPWOHPNMA®VWOAT10 


xmrangot 


QnnNnoLT 


DWQANQWA AWAAN 


PrrrPraO A FYPYYrYrYrYrPrwAAAD 


rPrrr>r FYrPYPyY 


DD i ie a 


>P>D>rPryD 


Designator 


R20 
R21 
R22 
R23 


$1 
$2 
S3 
S4 
S56 
S6 
S7 
s8 
sg 
$10 


$11 
$12 
$13 
$14 
$15 


S16 
$17 
$18 
$19 
$20 
$21 
$22 
$23 
$24 
$25 


S26 
$27 
$28 
$29 
$30 
$31 
$32 
$33 
$34 
S35 
S36 
$37 
$38 
$39 
S40 
$41 
S42 
$43 
S44 


Test Points 


U10 
U11 
Uu12 
U13 
Uu14 
U15 
U16 
U17 
U18 
u19 
U20 


Board Location 


raATOH 


mmmnm7 TR Ei en ANG YE SL 


IPrrrrwmamngananvcommmMmoo0 mMmMmMIOOMMMIOO 


QranaA 


NO0TTOMmMmMATATNADAANATVOMNMDHYD 


CR4+ 


G 
CICICIO 


CR 


LE 
Wrest eKor-@ 
eerereree 
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“Revision A, Revision B, and Revision C 03325-66505 boards are identical regarding component layout and values. The revisions reflect manufacturing 
changes only. 
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SERVICE GROUP B - HP-IB CIRCUITS. 
Troubleshooting Information. 


The most common failure on the HP-IB portion of the A6 board are the optical isolators. The optical 
isolators are used because of the electrical isolation of the HP-IB circuitry from the rest of the assem- 
bly. The following hints suggest various procedures for troubleshooting this section of the assembly. 


1. The HP-IB circuitry has its own +5V power supply (U65/U74). If HP-IB problems are sus- 
pected, the first step should be to determine if +5V is present. 


2. Using an oscilloscope and a probe, check both sides of the optical isolators for legitimate TTL 
levels. The oscilloscope and probe can also be used to check the data path between the processor and 
the HP-IB connector. 


3. The continuity of the data path from the processor to the HP-IB connector and back is also 
checked by running signature analysis test #3. 


4. A check of the handshake circuitry is made by running signature analysis test #0 (Service Group 

C). This test writes signatures to every point on the A6 board*. When used in conjunction with the 

schematic, one can check the signatures at the output and input of the individual chips. If a chip 

has an incorrect output signature, one should then check the input signature. If the input signature 

is incorrect, then the output signature of the preceding chip should be checked. By troubleshooting 

@ in this manner (backwards), one can then identify the chip where the incorrect signature originated. 


* This test does not check those gates whose data comes directly from the HP-IB connector. 
If the 03325-66506 assembly is to be replaced in a 3325A with serial number 1748A04250 or below, 


or in one that contains a revision A or revision B A6 assembly, see paragraph 8-113 in the Servic- 
ing/Troubleshooting Information section. 


SIGNATURE ANALYSIS TEST 3. 


This test checks the HP-IB data path from the processor (U9) to the HP-IB connector and 
back. It does not check the handshake circuits. 


This test uses two methods of signature analysis. The main difference between these 
methods is: 


Method 1 tests a repetitive data stream for a fixed period of time and generates a 
single stable signature. 


Method 2 tests a logical 1 (+5 V) for several periods of time, which are deter- 
mined by the 3325A processor in response to the errors it has sensed or the test 
routine that has been programmed. Each situation produces a unique stable 


& signature. 
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Use the following procedure: 


a. Set the 3325A POWER switch to STBY. © 
b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 


c. Connect the signature analyzer as follows: 


CIOGK 12 vans ams eenuns vawevs tames SA CLK (at left of A6U9) 
Start anGstop acre ro ae SA S/S (at right of A6U15) 
CSROUTG cone ein cn en eae eerie ng 3325A ground 


(stiffener channel on deck between A6 
and A21, or any Ground test point) 


d. Set the signature analyzer controls as follows: 


TIO oe Bias ee ei ies ett RG ae Pee Iie Rees oso eee On 
Stalitenmrer meus cine acre core tere Sie erate eee \_ (in) 
TSG) OL ee ecg Oc ech en Eaten Ne CHCNC eo) Ue Se PUR OR Susy OTS 1 (in) 
(GN oYel pe Serres se eeerer ASCE an OE Don OG DN atcen ar _/ (out) 
| tn 0) (0 beeen ee ste nner re at erage 9 Off 
Self eSteeyncis arene erecee roan sae Naa eater eee ee Off 


e. Place CS@, CS1 and CS2 shorting connectors (near right front corner of A6) in the O 
position to select ROM 1. 


f. Set the ROM Disable switch (A6S1) to ON (1). Set all other switches on A6S1 to OFF(0). 


(=) 


1 


a es) 


feeeafesay Address Switches 


ES) 
a we 


—- NW FPO 


ere ttt 


C-°T1 |} LON — Listen Only 
CT) | ROM - ROM Disable (For Test Only) 


g. Connect A6TP3 (between U15 and U16) to ground. 
h. Set 3325A POWER to ON. 
i. Remove ground from A6TP3. 


j. Place the signature analyzer probe on +5V (logic 1). The large plated area near the center of 
A6 is +5V. 


If the signature is not 5159, troubleshoot A6U9 processor, A6U10 (buffer), the processor data lines 
HPDO through 7, and associated circuits. Refer to the ROM Signature Analysis Test. 
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6 k. Set bus address bit 3 switch to ON (1) (see drawing above). Note the signature obtained with 
the analyzer probe on +5V. 


The correct +5V signature is 78CU. 
Most of the signatures taken in this test are on the I/O side of the HP-IB isolators where the nor- 
mal SA Clock is not available. In order to take these signatures, it is necessary to supply an external 


clock as follows: 


1. Set 3325A POWER to STBY. 
m. Disconnect the signature analyzer from the SA CLK. 


n. Unsolder the end of the SA CLK jumper nearest the left edge of the board (away from U9). 


o. Apply a pulse train with the following characteristics to the SA CLK jumper: 


15.0 8| Oa eee a SOIC EET cine eee CCE ET OO aC Ter tact emer ~400 kHz 
VNvsh 0) 114) (6 (ter eracinieerneey rararhchc qiticettcy aaa eI Ca REO CORNER eich neacime one r 4V p-p 
Cy OPSC La etentciers coactorniers crestor mtcuctero meiner taneiei terol ert arbetetts +2V 
Pulse WiaGtlny.s cara cere ces nigiet reverie wtors er orate) ecererato s oigereie. « aerevels chaVusigne scones year < lps 
Connect the pulse generator ground to A6 ground (jumper in right front corner of the board). The 
& -hp- Model 3312A may be used as the pulse generator. 


p. Connect a clip lead across A6V1 (left rear corner of A6) to short the isolated ground to circuit 
ground. 


q. Connect the signature analyzer clock lead to the raised SA CLK jumper (along with the 
pulse generator). 


r. Set 3325A POWER to ON. 


s. Adjust the pulse generator frequency until a stable, gated signature is obtained, in- 
dicating that the signature analyzer is triggering on the external clock signal. (The GATE in- 
dicator should be flashing and the UNSTABLE SIGNATURE indicator should be off.) 


t. The signature taken in Step k should be 78CU as indicated at the START of the flow 
diagram. If it is not 78CU, go to Figure 8-31(a) to the section of the diagram headed by the 
signature actually observed. If no stable signature or none of the signatures shown are 
observed, go to the ROM Signature Analysis Test. If Test 3 passes successfully, go to 
Signature Analysis Test 4. The tests associated with each signature heading are described as 
follows: 
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78CU - Data paths are good. 
a. With ATN grounded, signature 9P9H = ATN recognized. 
b. With REN grounded, signature 9HUH = REN recognized. 
c. With IFC grounded, signature indications are as follows: 
A77U = IFC recognized, test passes 
POHU = IFC recognized, IFC* not recognized 
77U6 = IFC not recognized, IFC* recognized 
Other signatures = IFC not recognized 


9P9H - Illegal ATN recognized 


9HUH _ - Illegal REN recognized 


A77U - Illegal IFC recognized 
3HCC or - Data lost in shift register 
U45H 

3102 - Data lost in I/O 


NOTE 


After completion of tests, be sure to replace all cables, switches, 
connectors, and jumpers to the normal position. 
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Figure 8-31(a). Signature Analysis Test 3. 
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Figure 8-31(c). Signature Analysis Test 3. 
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Board Board Board 
Designator Location Designator Location Designator Location Designator Location 
C1 G P52 A T/N G U43 Cc 
C2 G cso G U44 Cc 
C3 G Qi D csi G U45 H 
C4 F a2 D CS2 G U46 H 
C5 G U51 Cc. 
C6 G R1 G U1 H U52 Cc 
C7 G R2 G U2 H U53 c 
R3 G U3 H U54 CG 
C20 H R4 G U4 H U55 Cc 
C21 H R5 F US H U56 Cc 
C22 H R6 G U6 H 
C23 H R7 F U7 H U57 B 
C24 G R8 F U8 G U58 B 
C25 G RQ Cc ug G U59 B 
C26 F R10 D U60 B 
C27 F R13 G U10 G U61 B 
C28 E R14 D U11 G U62 B 
c29 E R15 Cc U12 G U63 B 
C30 E R16 ic U13 G U64 B 
C31 E R17 cS U14 G U65 B 
C32 D R18 B U15 F U66 A 
C33 D R19 E U16 F U67 A 
C34 D R20 D U17 F U68 A 
C35 Cc R21 Cc U18 F U69 A 
C36 H R22 Cc U19 F U70 A 
C37 H R23 Cc U20 F U71 A 
C38 Cc R24 Cc U21 F U72 A 
C39 B R25 Cc U22 F U73 A 
c40 B R26 F U23 F U74 A 
C41 G R51 B U24 F U75 (@3 
R52 Cc U25 E 
C52 Cc R53 A v1 A 
C53 A R54 Cc U26 E wi B 
C54 A R55 Cc U27 E 
C55 A U28 E 
C56 A $1 B U29 E 
C57 A U30 E 
C58 Cc Test Points U31 E 
c59 Cc U32 D 
C60 Cc 1 G U33 D 
C61 B 2 Cc U34 D 
C62 B 3 F U35 D 
4 Cc U36 D 
CR1 F 5 D U37 D 
CR2 H 7 Cc U38 D 
CR4 Cc 51 A U39 D 
CR5 Cc 52 A U40 D 
53 A U41 D 
J1 F 54 A U42 D 
J2 D GND D 
J3 D GND H 
J4 D 
J51 A SA CLK G 
SA S/S F 
u1 G STBY A 
L2 F 
L3 F 
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Figure 8-32. HP-IB Circuits, A6. 
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SERVICE GROUP C - CONTROL CIRCUITS. 


Troubleshooting Information. 


The majority of problems which are isolated to the A6 board can be pinpointed through Signature 
Analysis. There are, however, a series of troubleshooting checks that can be made prior to running 
the SA tests. The checks, common failures, and brief descriptions of the SA tests are presented below. 


1. Begin troubleshooting by checking the 1.2MHz oscillator circuitry for the correct frequency. 


2. Should the instrument not turn on properly or respond to inputs, the problem could be with 
the processor. A check of the nanoprocessor (U9) can be made by disconnecting the A6 board from 
the A21 (A1) Frequency Synthesis board (W31, A6J4 - A21J1). If “A - CAL FAIL” and ‘‘OSC FAIL”’ 
are then displayed, a significant portion of the processor circuitry is working. 


3. A further check of the nanoprocessor is to first disable the buffer (U10) by opening switch S1G. 
This enables a +5V level to be present on each of the lines in the data bus. When the processor sam- 
ples each data line, the +5V is interpreted as a ‘‘no operation’’ instruction. The processor then incre- 
ments the ROM address and the process repeats. Using an oscilloscope, monitor the ROM address 
lines. Note that the lines should be counting at one-half the frequency of the previous line. 


4. Again, should the instrument not respond properly at turn on, check that the ‘‘turn on interrupt 
request’’ is coming from A6Q1 and U41 pin 6. This interrupt should also appear at U35 pin 2. 


5. A6U18 and A6U19 because of marginal conditions, are a common cause of ‘‘OSC FAIL’’ and 
“A - CAL FAIL’’. 


@ 6. Check the position of ROM select switches CSO-CS2. During normal operation (when SA is not 
being performed), the switches must be in their center position. Note also that the ‘‘Normal/Test’’ 
jumper used during SA sould be returned to the ‘‘Normal’’ position following the tests. 


7. Jumper W1 is in place in standard instruments. W1 is clipped when the High Voltage option 
is installed. If the instrument is configured with the option but will not accept inputs greater than 
10Vp-p, check that W1 was not resoldered. 


8. The nanoprocessor U9, though often replaced, is not always at fault. Because U9 (1820-1691) 
is a MOS device, care should be taken when handling so as not to create punch-through damage due 
to static electricity. If U9 is replaced, insure that A6R8 is 9.53kQ. A2 


9. The Ims one shot (U8) interrupts the processor at lms intervals to check the front panel for 
switch closures and to refresh the front panel display. Signatures from U8 may vary from one instru- 
ment to the next due to U8 being an analog device. Any signatures, therefore, should be disregarded. 

10. The following SA tests are available for checking the A6 assembly. Note that when running 
the tests and using the bus address switch pack on the A6 board, use the logic levels and switch num- 
bers printed on the PC assembly. Disregard the numbers printed on the pack itself. 

ROM Test: Checks the ROMs, processor, and buffer. 
SA Test 1: Checks the data path from the processor to the machine data bus and back. 


SA Test 2: Checks the RAM address counter and the RAMs. 


SA Test 3: Checks the HP-IB path from the processor to the HP-IB connector and back. (See Service 
Group B.) 
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SA Test 4: Checks the processor’s ability to identify front panel switch closures and stuck switches. 
It also checks the AS LED drivers, current sources, and digital circuits. (See Service Group A.) 


SA Test 5: Checks the path from the processor to the Fractional-N chip. It also checks the interrupt 
lines, carry/sweep limit flag path, VCO lines, and the turn on circuit. 


SA Test 0: Used after all other tests have failed to isolate the problem. During this test, the processor 
sends digital signals to all points on the A6 board so that signatures can be taken. This test should 
be used with the schematic so that bad signatures can be traced to their origin. 


Signature analysis is not effective when trying to isolate a problem that is intermittent. If it can be 
determined that the intermittent symptom is originating from the A6 board, one should try to make 
the symptom a hard failure through heat, cold, vibration or mild shock. If the symptom remains in- 
termittent and one is certain that it is tied to the A6 assembly, then the board should probably be 
replaced. 


ROM SIGNATURE ANALYSIS TEST. 

Use this test if Signature Analysis Tests 1, 2, and 3 cannot be entered. This test checks the 
ROM’s (A6U1-4), the processor (A6U9), and the buffer (A6U10). If these components are 
not operating properly, the remaining Signature Analysis tests will not work. 

Procedure. 


a. Set 3325A POWER switch to STBY. 


b. Set all five bus address switches (A6S1) to OFF (O). 


These numbers are printed on this PC Board itself. Ignore any 
, numbers printed on the switch. 


jo) 


4 
3 Address Switches 
2 
1 


LON — Listen Only 
ROM — ROM Disable (For Test Only) 


HUH BUL 


c. Set ROM Disable switch (A6S1) to OFF (O). 


d. Move N/T (Normal/Test) shorting connector (located between U7 and 13) to T posi- 
tion. 


e. CS@ through CS2 shorting connectors should be in the center position. (These are 
located near the right front corner of A6.) 
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f. Connect the signature analyzer as follows: 


(Test point next to CS2 shorting connector) 


GIOUN. oes cai sta wars ean ed THOHRE SEMEN CER 3325A ground 
(stiffener channel on deck between 
A6 and A21 or any Ground test point) 


g. Set signature analyzer controls as follows: 


LANG. eccceebidnind admins cawured PHOS SORTS TES BH e SOawe FORE ON 
StaL ti. iccccuns sawed SKN ARTE DE Se RET ORES eERMaRES \_ (in) 
StOpsc ss00ss4 an wot eee Ue ve eEEsd PEM Ese eRaRY ee WawE oes \_ (in) 
CloCK ssesseses ces diew ars enass aque? aemnes emus _f (out) 
OIG: 505 cee er sawined deiginad dita dooce w derma dle edad OFF 
Self TeSti..cc cvcsces casos sega ns sue ads SRS RE BOERS BERET ED OFF 


h. Connect TP7 to ground. 
i. Set 3325A POWER switch to ON. 
j. Remove ground from TP7. 
If the +5 V signature is 755U continue with Step k. 


If the +5 V signature is not 755U go to Step m. 


Service 


k. Place the signature analyzer probe on the following points on A6U1 and compare 


signatures to those below. 


Correct 
A6U1 Pin Signature Data Line 


9 0 
10 1 
11 2 
13 3 
14 4 
15 5 
16 6 
17 7 


If all of these signatures are correct, the ROM’s have passed this test. Signature analysis tests 


@ through 5 may now be performed. 


If these signatures are not all correct, test each ROM individually as follows: 
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ROM 1 (U1) Test. 


1. Move the CS1 and CS2 shorting connectors to the 9 position (toward edge of @ 
board). 


2. Place the signature analyzer probe on the following points and compare the 
signatures. 


Correct 
Signature 


A6U1 Pin Data Line 


9 0 
10 1 
11 2 
13 3 
14 4 
15 5 
16 6 
17 7 


ROM 2 (U2) Test. 


1. Move CS 1 shorting connector to the 1 position and CS2 to the @ position. 


2. Place the signature analyzer probe on the following points and compare the 
signatures. 


Correct 
A6U2 Pin Signature Data Line 


ANDUNRPWNK CO 


ROM 3 (U3) Test. 


1. MoveCS1 shorting connector to 0 and CS2to 1. 
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2. Place the signature analyzer probe on the following points and compare the 
& signatures. 


Correct 
A6U3 Pin Signature Data Line 


9 0 
10 1 
11 ye 
13 3 
14 4 
15 5 
16 6 
17 7 


ROM 4 (U4) Test. 
1. Move CS1 and C82 shorting connectors to 1. 


2. Place the signature analyzer probe on the following points and compare the 
signatures. 


Correct 
A6U4 Pin Signature Data Line 


9 0 
10 1 
11 2 
13 3 
14 4 
15 5 
16 6 
17 7 


After completion of these tests, replace CS1 through CS2 shorting connectors to the center 
position. 


Replace the N/T shorting connector to the N position. Set the ROM disable switch to 1. 


1. If the signature in Step j is not 755U, check the voltage level of A6U42 pin 6 with the 
signature analyzer probe. It should be high. If not, momentarily ground U42 pin 3 to force 
pin 6 high. If it is still not high, troubleshoot A6US5, U14, and U42. 

m. If the signature is still not 755U, examine the ROM address lines. 


1. Set3325A POWER to STBY. 


®& 2. Move signature analyzer Start and Stop leads to A6TP1 (in front of U9). 
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3. Place signature analyzer probe on +5 V (logic 1). 


4. Set 3325A POWER to ON. 


If the signature is 826P, troubleshoot A6U14 (Chip Select Delay) and A6U15 (1.2 MHz 
Clock circuit). 


If the signature is not 826P, examine the ROM address lines HRA@ through HRAIO at 
A6U1. 


an a 
8 HRAQ 
7 HRAI 
6 HRA2 
5 HRA3 
4 HRA4 
3 HRAS 
2 HRA6 
1 HRA7 
23 HRA8 

22 HRA9 
19 HRA10 


The frequency of the signal at HRA1I should be one-half that of HRA@. HRA2 should be 
one-half of HRAI, etc., through HRA10. None of the address lines should be a constant 
level, and no two lines should be the same. 


After completion of the test, replace the N/T shorting connector to the N position. 


After completion of all signature analysis tests, make sure the ROM Disable switch (A6S1) is 
set to the ON (1) position. 


SIGNATURE ANALYSIS TEST 9. 


Use of this test is recommended after the ROM test or tests 1 through 5 have failed to isolate 
the faulty circuit. This test reads all the signatures on the A6 assembly, which are presented 
in tabular form. Close attention should be paid to the schematic diagrams in Service Groups 
B and C while using this test. 


Procedure. 
a. Set 3325A POWER switch to STBY. 
b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 


Be sure to replace this cable carefully after completion of the test, making sure the cable is 
aligned properly in the connector. 
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c. Connect the signature analyzer as follows: 


COCKE osicicaca dua d Fel chee HERDS DEORE A SA CLK (at left of A6U9) 
StartandStOpus .cacarcemsnssanwes ves SAS/S (at right of A6U15) 
GrOUNG: ose ceeews Hewaes eR dE SEO AO ew ee em 3325A ground 


(stiffener channel on deck between 
A6 and A21, or any Ground test point) 


d. Set the signature analyzer controls as follows: 


LING pc aciun ead toi awwhad Haman tem Re kai Seed ees On 
Staite mics dv daikd Hawaiians odbane . eweer etORaT BO ee- _(in) 
StOPwissickvattaawass sada Piemni sAdews edtoos readens (in) 
CIOCK 2 snés2¢ane teeny PS dens hoes cee eHehe ake _f (out) 
HG «209425, cs beaaris ewe ne ge giane dmndace veiwentae Munem onsen Off 
Self Pesta. s cscsc oie sissseaice ecnateiee 9 ouiaaue de int epie cn dahost ns ake ecard wie aes Off 


e. Place CS@, CS1, and CS2 shorting connectors (near right front corner of A6) in the 8 
position to select ROM 1. 


f. Set the ROM Disable switch (A6S1) to ON (1). (See switch drawing below.) 


numbers printed on the switch. 


oO 
= 


pom numbers are printed on the PC Board itself. Ignore any 
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ROM — ROM Disable (For Test Only) 


ABA ARGG| 


g. Connect A6TP3 (between U15 and U16) to ground. Do not disconnect this ground 
during this test. 


h. Set 3325A POWER to ON. 


i. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the 
center of A6is +5 V. 


If the signature is FF32, proceed to Step j. 


If the signature is not FF32, troubleshoot A6U9 and U10, the processor data lines 
HPD@-7 and associated circuits. Refer to the ROM Signature Analysis Test. 


j. Set all five Bus Address switches to OFF (O). 


k. Place the signature analyzer probe on the points indicated in the tables and compare 
the signatures. If no stable or valid signatures are obtained, the ROM’s (A6U1-4) or the pro- 
cessor (A6U9) may beat fault. Refer to the ROM Signature Analyzer Test. 


8-C-7 


Service 


8-C-8 


Model 3325A 


Integrated circuits with designators greater than US5S5 are on the I/O side of the HP-IB 
isolators where the normal SA Clock is not available. In order to take these signatures, it is 
necessary to supply an external clock. Use the following procedure: 


a. Set 3325A POWER to STBY. 
b. Disconnect the signature analyzer from the SA CLK. 


c. Unsolder the end of the SA CLK jumper nearest the left edge of the board (away from 
U9). 


d. Apply 400 kHz square wave with the following characteristics to the SA CLK jumper: 


PIeQUencys.:ccéesnseeenrsax wes see end cee TORTS ~ 400 kHz 
PUIG. oneiecusdsseeenscasnnteauetenwonseeaxnie 4Vp-p 
WIGS DRE asncncrsrceoieww eeree any eaeonsesankxee sees +2V 


Connect the pulse generator ground to A6 ground (jumper in right front corner of the 
board). The -hp- Model 3312A may be used as the pulse generator. 


e. Connect a clip lead across A6V1 to short the isolated ground to circuit ground. 
f. Make sure A6TP3 remains grounded. 


g. Connect the signature analyzer Clock lead to the raised SA CLK jumper (along with 
the pulse generator). 


h. Set 3325A POWER to ON. 
i. Adjust the pulse generator frequency until a stable, gated signature is obtained, in- 
dicating that the signature analyzer is triggering on the external clock signal. (The GATE in- 


dicator should be flashing and the UNSTABLE SIGNATURE indicator should be off.) 


j. Place the signature analyzer probe on the points indicated in the table for IC’s with 
designators U56 and greater. Compare the signatures to the correct signatures in the table. 


NOTE 


After completion of tests, be sure to replace all cables, switches, 
connectors, and jumpers to the normal position. 
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S Signature Analysis Test @. 


Pin 


21 
22 
23 
24 
25 


26 
27 
28 
29 
30 


31 
32 
33 
34 
35 


36 
37 
38 
39 
40 


U1 
through 
U4 


OHCO 
H52C 
3HA4 
2F5H 
159U 


FH4P 
2H70 
68CC 
1C2P 
PC97 


68AF 
0000 
1071 

1P24 
P4AH 


467P 
A12C 
0000 
FF32 
0000 
(U1 and U3) 
FF32 
(U2 and U4) 


0000 
FF32 
FF32 
FF32 


U5 


FF32 
88U7 
44F5 
0000 
88U7 


FF32 
0000 
44F5 
FF32 
88U7 


0000 
FF32 
FF32 
FF32 


U6 


C475 
66P6 
F342 
AH4F 
9581 


2H79 
7010 
71H5 
0000 
FA47 


UPF8 
P8F2 
1UA2 
U83F 
8HHU 


7515 
P476 
FF32 


U7 


FF32 
7515 
C927 
77F7 
U237 


41PH 
8HHU 
0000 
O75A 
3F37 


UOO5 
7OUC 
64U1 

0000 
H62P 


FF32 


U8 


0000 
AF1P 


FF32 
FF32 


FF32 


U9 


68CC 
2H70 
FH4P 
159U 
2F5H 


3HA4 
H52C 
OHCO 
FF32 
FF32 


FF32 
7U44 
7A54 
6CF2 
UPUH 


075A 
0000 
U83F 
1UA2 
P8F2 


UPF8 
C67C 
152U 
7UC6 
21P3 


88U7 


0000 
FF32 
0000 


0000 
FUO6 
4UFF 
14UH 


6OPP 
U655 
0000 
FF32 

FF32 


Service 
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= 
OOMOND aORWN— 


— 
= 


fob ea, cea al 
oRWNh 


yo - SS = 
OOMND 


*FF32 W/O Jumper, OOOO W/Jumper 


HOHC 


3300 
H56C 


8U2C 
0000 
0675 
O75A 
FC68 


H397 
O75A 

0000 
FF32 


Model 3325A 
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NOTE 


& For signatures on US1 and above, circuitry is HP-IB. Refer to test zero pro- 
cedure. 


Pin 
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No signatures for U65 


No Signatures for U74 
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SIGNATURE ANALYSIS TEST 1. 


This test checks the data paths between the processor and machine data bus through A6U13, 
U20, U21, U26, U27, U28, and U45. It also checks the enable signals to these IC’s. 


This test uses two methods of signature analysis. The main difference between these 
methods is: 


Method | tests a repetitive data stream for a fixed period of time and generates a 
single stable signature. 


Method 2 tests a logical 1 (+5 V) for several periods of time, which are deter- 
mined by the 3325A processor in response to the errors it has sensed or the test 


routine that has been programmed. Each situation produces a unique stable 
signature. 


Use the following procedure: 
a. Set the 3325A POWER switch to STBY. 
b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 


c. Connect the signature analyzer as follows: 


ClOCK ones eties cneonssreween eueees en SA CLK (at left of A6U9) 
Start and Stop................0000- SA S/S (at right of A6U15) 
CGTOUNG ie irskcnacs herders cmames SU ob. emndsa eens 3325A ground 


(stiffener channel on deck between A6 
and A21, or any Ground test point) 


d. Set the signature analyzer controls as follows: 


LANG es-nemeis same eske ea ats uions see CEs emoe eens On 
Staite.: ccopcassuncse tuaesisepasiessteeaoarinounr tus \. (in) 
SLOP since comao hexwaatsemunnns ak bled atnedscatea stones “\. Gn) 
CIGER « anais ceemas Fae Row Gad eww wES HAMEED SRO TS _/ (out) 
FIOMG scams cau etiet aso seme ue seraes Sear ee nase aneasan Off 
Sell Pests. tecnectemnos cues shoatsse oun aemeeranee es Off 


e. Place CS@ through CS2 shorting connectors (near right front corner of A6) in the O 
position to select ROM 1. 
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f. Set the ROM Disable switch (A6S1) to ON (1). (See switch drawing below.) 
OFF ON 
These numbers are printed on the PC board itself. 
v Ignore any numbers printed on the switch. 


Address Switches 


—“~ YW F&O 


LON — Listen Only 
ROM — ROM Disable (For Test Only) 


HULU HHH - 


g. Connect A6TP3 (between U15 and U16) to ground. 
h. Set 3325A POWER to ON. 
i. Remove ground from A6TP3. 


Jj. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the 
center of A6 is +5 V. 


If the signature is 5159, proceed to Step k. 


If the signature is not 5159, troubleshoot A6U9 (processor), A6U10 (buffer), the 
processor data lines HPD@-7, and associated circuits. Refer to the ROM 
Signature Analysis Test. 


k. Set bus address bit 1 switch to ON(1), and set switches 2 through 5 to OFF. 


l. The signature should be HCHS as indicated at the START of the flow diagram. If it is 
not HCHS, go to the section of the diagram headed by the signature actually observed. If no 
stable signature or none of the signatures shown are observed, go to the ROM Signature 
Analysis Test. If Test 1 passes successfully, go to Signature Analysis Test 2. The tests 
associated with each signature heading are described as follows: 


HCHS - This test verifies that data can be successfully transmitted to and from the 
processor via the machine bus data latch (U27) and buffer (U28). It also tests 
U13 and U45. 

6PCP - This signature indicates a failure of the machine data bus. A 1010 data signal 


is sent from the processor on the bus through U27, U28, and U26, and read 
back into the processor. This test checks data paths, clocks, and enabling 
signals. 


AHHC - This test is identical to that for signature 6PCP except that a different data 
structure is used (0101). Since 6PCP was not displayed, the clocks and enabling 
signals are assumed to be correct. 


AU96 - This test reads data through U20 and U21 to the address lines of U19. Data 
from U19 is then sent via U26 back to the processor, U9. This test also checks 
the enable signals to U20, U21, and U19. U26 is presumed to be good since it 
did not fail in previous tests. 
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HHCH - This test is identical to that for signature AU96 except that a different address 
@ (1010 as opposed to 0101) is sent to U19. 
3AHH - This test sends data through U13 and U22 and tests the enable signals to these 
IC’s. 

760A - This test is identical to 3AHH except that it uses a different data stream. 

PC76 and _ - These tests send data to U22 via U45. Enable signals should be good since they 

H82C did not cause a 760A signature. 


m. When incorrect signatures are encountered, troubleshoot the circuits indicated on the 
flow diagram. 


n. Following a repair indicated by this test, repeat the test beginning at START to deter- 
mine if there are any other problems that could be detected by this test. 


NOTE 


After completion of tests, be sure to replace all cables, switches, 
connectors, and jumpers to the normal position. 


NOTES 
1. A constant interrupt (low) at TP5 may be circumvented by: 


a. Set POWER to STBY. 

b. Unsolder one end of TP3S. 

c. Set POWER to ON. 

d. Momentarily short across TPS. 


2. To isolate the control board (A6) from the other assemblies, 
disconnect the long flat cable going to the keyboard, and the three 
short flat cables to the other assemblies. The following conditions 
should then be observed: 


U19 pin I should be high 
U22 pin I should be high 
U35 pin I should be high 
U43 pin I — signature should be 5320 


@ After completion of the test, be sure to replace the cables careful- 
ly, making sure that the contacts are aligned properly. 


8-C-17/8-C-18 


No Yes 
+5V = HCH5 


U14-10 = HC63 ¥ 
Yes U14-12 = 00C6 fs Test 


Turn-On Problem. Clock 
and Interrupt. 
See Note 1 


U14-1 = HCH5 
No 
No 
Troubleshoot Yes If +5V_ signature is HCH5, U22 signatures 
u14 U42-3 = HCH7 should be: 
U22-2 = 6H8F U22-11 = PP9O 
No U22-3 = 816P U22-12 = 6P29 
Yes U22-4 = C659 U22-13 = 8FA8 
U42-4 = HCH5 Troubleshoot U22-5 = 5ACC U22-14 = 2C38 
U14, U4 U22-6 = 8H43 U22-15 = P1A6 
Yes U22-7 = H83C U22-16 = 9PHA 
Troubleshoot No U22-8 = 8067 U22-17 = 5U7U 
Veta ies U22-9 = 3958 U22-18 = 1H33 
U15-13 = 0000 on 
No 


+5V = 6PCP 
+5V = AHHC +5V = AU96 
Yes 
Yes Yes 
Machine Bus Failure. Check U28 Outputs 
Check U28 Inputs. U28-3 = HF22 " 
U28-2 = P1CF U28-5 = C29F ise Check U28 Outputs Check RAM Address Bus 
tin | Bees = ee eee Seat U26-1 = 5634 Yes Troubleshoot U28-2 = 1HP9 U28-3:\= PCOS 164A 
W286 = sPel Wee 9 = AsU8 U26-19 = 5634 U26 U28-4 = C032 agre CHF 
U28-8 = 9967 U28-11 = H613 U28-6 i 9403 Yes F551 Yes Yes 1U91 Yes Yes Yes 
pee eae vee Te nee v0" = 80H 34 ay MC v2619 = re 
a = ve = : OF45 on ' 
U28-16 = C5U0 U28-17 = 7864 Hetia. . Soe 8U05 No 330A Ne — 
U28-18 = 45UA ves eee Ges A468 5028 
U33-5 = 1918 U28-18 = 8A84 7 P6F1 
Go to S.A. 
Troubleshoot U28. Troubleshoot Troubleshoot U28. Troubleshoot 
U28-1 = 3H9P Somethiing Interfering U27 Then U28 See Note 2 26. UD1 ah U24-4 = PHC6 
U28-19 = 3H9P With Data Bus mer rit 
See Note 2 U6, U11, U12, U19 Ne 
U39-9 = 5C34 ES Troubleshoot 
U33 Nab we SOU U24-5 = 385U U24 
No 


U9-16 5C34 


0000 oe 


| usr = Pace | = PHC6 


Yes 


127-11 = 3447 
Yes 


Yes No Troubleshoot 
ves U17, U24 
U9 Not Giving Yes Troubleshoot 
Troubleshoot : U30-9 = 6PCP N 
U27 Then U28 Ps U39-11 = 52PH U30-1 = 3F53 EWE Signal U30 Ser Signal Troubleshoot 5 
No U15 o 
No Yes 


Troubleshoot 
U15, U23, U24, U39 


Device Select 
Lines Bad 


No 
Yes 
U9 Not Giving Troubleshoot 
HWR Signal U15,U16,U23,U24,U39 eee ea eat 


Yes Troubleshoot 


U17, U33 


Device Select 
Faulty 


Figure 8-33(a). Signature Analysis Test 1. 
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+5V = 3AHH +5V = 760A +5V H82C NO Go To Signature Analysis 


Test O. 


YES YES YES 


RAM Address Reg Data NO 
Path Failure. Check U19 


RAM Control Register 
Failure. U24-11 = QUOH 


RAM Control Register 
Failure 


RAM Page Reg Failure 


n 


C6F6 
6C7C 
F6A1 
7064 
3714 
25FC 
FU6H 
CPFP 


Troubleshoot YES YES 


Troubleshoot 
U22 


U22 


Troubleshoot YES 
U19, U28 


ou ue dl 


ou ue al 


YES 


Troubleshoot 
U13;, Y22, U23 


U24-11 = QU04 


U24-3 104A 


Troubleshoot 
U22 


Troubleshoot 
U20, U21, U6 


Troubleshoot +5V = PC76 Troubleshoot 
U13 Then U30 Then U22 U45 Then U14 


YES 


U11, UT2, UT9 


If +5V Signature is 3AHH check the 
following signatures: 


Rom Page Reg Failure 


U13-4 = A5PC 

tact? o B7eR U22-2 = 993F YES Troubleshoot 

U13-13 = 1307 NO YES U22-4 = P58U U22 
U24-13 = 2593 U22-6 — 0504 

U22-3 = 28FO U22-8 = 9U02 

U22-5 = 8756 

U22-7 = 831F YES 

U22-9 = 1P34 Troubleshoot U24-12 = B8A8A asi haa 

U22-11 = A4C4 U24 

U22-13 = 93CC NO 

U22-17 = 396F 


YES Troubleshoot Troublesh 
- = oot 
M1 eee U15, U24, U25 


NO 


U9 Not Sending 
HWR Signal 


U45 Then U14 


Figure 8-33(b). Signature Analysis Test 1. 
8-C-21/8-C-22 
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SIGNATURE ANALYSIS TEST 2. 


This test checks the ability of the RAM address register to count up and down, and checks 
the RAM output data. 


This test uses two methods of signature analysis. The main difference between these 
methods is: 


Method 1 tests a repetitive data stream for a fixed period of time and generates a 
single stable signature. 


Method 2 tests a logical 1 (+5 V) for several periods of time, which are deter- 
mined by the 3325A processor in response to the errors it has sensed or the test 
routine that has been programmed. Each situation produces a unique stable 
signature. 


Use the following procedure: 
a. Set the 3325A POWER switch to STBY. 
b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 


c. Connect the signature analyzer as follows: 


(Glockerrecon cee one eerie SA CLK (at left of A6U9) 
Stant:and'iStop aa.cncacic secant eas SA S/S (at right of A6U15) 
Grounds coe c acces come sm cumens teem. Seema teeae 3325A ground 


(stiffener channel on deck between A6 
and A21, or any Ground test point) 


d. Set the signature analyzer controls as follows: 


LATO Totes ys Ram sect Neca sMCaEOEe MAGI ico MIO Seer aD CRAM aiets Neen OW On 
SLATS oraerer nape esrer ar ee ram te ce narra neta itiae aman portent ™L (in) 
SEO Dace sy sre ces ayo cars ele ee eee ee De a ™_ (in) 
(Ol heed Seas ee tee ay deste seh Sera acre smart eg ean ker ohare (out) 
|S (Co Cali tirana creman tne poet Weauome Ate een wen cae cre otha ang er ave ean aero Off 
SYNTHS is A mic acon ener Acie e a Bono Asie cn Maman moo Off 


e. Place CS@ through CS2 shorting connectors (near right front corner of A6) in the O 
position to select ROM 1. 
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Service 


f. Set the ROM Disable switch (A6S1) to ON (1). Set all other switches to OFF (0). 


ie) 1 Y ae aaa 9 numbers are printed on the PC Board itself. Ignore any 
numbers printed on the switch. 
=p) 45 
fa] 2))|c4 
=opeies Address Switches 
2 
1 


C“T1 | LON - Listen Only 
C/T) | ROM - ROM Disable (For Test Only) 


ete tt 
! 


g. Connect A6TP3 (between U15 and U16) to ground. 
h. Set 3325A POWER to ON. 
i. Remove ground from A6TP3. 


j. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the 
center of A6 is +5 V. 


If the signature is 5159, proceed to Step k. 


If the signature is not 5159, troubleshoot A6U9 (processor), A6U10 (buffer), the 
processor data lines HPD@-7, and associated circuits. Refer to the ROM 
Signature Analysis Test. 


k. Set bus address bit 2 switch to ON (1), and set switch 1 and switches 3 through 5 to 
OFF. (See switch drawing above.) 


1. The signature should be 7C97 as indicated at the START of the flow diagram. If it is 
not 7C97, go to the section of the diagram headed by the signature actually observed. If no 
stable signature or none of the signatures shown are observed, go to the ROM Signature 
Analysis Test. If Test 2 passes successfully, go to Signature Analysis Test 3. The tests 
associated with each signature heading are described as follows: 


7C97 - This signature implies that the three RAM’s may be addressed and read from 
correctly. It also indicates that U20 and U21 count up and down correctly. 


FF7C — This signature indicates that U20 and U21 do not count up correctly. The test 
also checks enable signals. 


279A — This signature indicates that U20 and U21 do not count down correctly. 

709A - This signature indicates that RAM A or its enable signals are not correct. 

F26C — This signature indicates that RAM B or its enable signals are not correct. 

$7C9 — This signature indicates that RAM C or its enable signals are not correct. 
NOTE 


After completion of tests, be sure to replace all cables, switches, 
connectors, and jumpers to the normal position. 


+5V = 7097 


YES 


+5V = 279A 


YES 


RAM Count Down Failure 


Possible U7 Failure 


U1Y = H96P 
U19- = H47F 
U19- = H9U8 YES Troubleshoot 
U19 = A509 U19 
U19 = HOO4 
U19- = 98A1 
U19- = 6UA7 
U19- = 4100 
NO 
YES YES YES YES YES E 
U20-5 = FA45 U20-4 = FF7C U20-12 = 3321 6 = 21A4 a U20-12 = P65P YES 
NO NO 
NO 
U23-2 = C67F U23-5 = 2487 U23-2 = 74A4 
Troubleshoot Troubleshoot 
NO U20, U21 NO U20, U21 


Troubleshoot YES Troubleshoot 
U13, U22 _ Troubleshoot U13 Then U22, U23 

U20-11 = H1H1 U20, U21 Troubleshoot Possible RAM Address 
U13 Then U22, U23 Bus Failure. Troubleshoot 

NO 

YES YES 
U24-10 = U183 U24-9 = 205A Troubleshoot 
U24 
j NO 
Troubleshoot YES = p 
NO 


a YES 
_ Troubleshoot 
YES 7 U23-4 2521 U23 
NO 
NO 


U20, U21 


U9-16 = 0000 U15 


Troubleshoot 
U9 


Device Select Failure. U9 Troubleshoot 


Troubleshoot 
U17 


Figure 8-34(a). Signature Analysis Test 2. 
8-C-25/8-C-26 


YES YES 


NO , : 
,EY = OSA +5V = F26C +5V = 5769 oe te Signature Analysis 


YES 


YES Bad RAM B Data NO Bad RAM C Data YES 


YES YES 
U12-14 = 5263 U11-13 = AF27 U7-9 = 3727 


NO NO 


U7-9 = 709A uss U6-8 = 709A ies Troubleshoot 

= U12 Troubleshoot Troubleshoot NO YES 
U11 U25 or Device Select U7-2 = AU22 

7 Pe Failure U7-7 = 9003 


YES 
U25-1 = 38UH YES U46-5 = 0000 
U25-2 = 692U Troubleshoot NO Troubleshoot NO} 
U25-3 = 1C92 U25 roubleshoo YES 
U25-4 = 78FF U7 U46-6 = 7983 
YES 
46-4 = 5693 Troubleshoot 
: — U46-5 = NO YES 
ecb U6-10 = APS5C 


= YES NO 


Troubleshoot U23-10 = 6P4F 
U7 Troubleshoot 
U7 Troubleshoot Troubleshoot 
U23 U6 


NO NO . U23 
NO 


Bad RAM A Data 
U23-13 = 2609 


Troubleshoot 
U9 


Le U46-4 = H136 ue 


Troubleshoot 


Troubleshoot Troubleshoot U46 


Troubleshoot 2 
U13 Then U2 U23 Read/Write 


Control Problem 


YES 
U30-5 = 5C93 
YES Troubleshoot 
YES seidaatiats 
= Troubleshoot NO 
pint a is EE 
NO 


Troubleshoot 
U13 Then U22 


= 38UH 
= 692U Troubleshoot 
= 1C92 U17 


Troubleshoot 
U9 or Data Bus 


Figure 8-34(b). Signature Analysis Test 2. 
8-C-27/8-C-28 
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SIGNATURE ANALYSIS TEST 5. 


This test checks the data path from the processor (A6U9) to the Fractional N Control IC 
(A21U19). It disables the processor interrupt and checks for signals on the various interrupt 
lines. This test also checks the Ims timing one-shot (A6U8), the Carry/Sweep limit flag path, 
the VCO status lines, and the turn-on circuits. 


This test uses two methods of signature analysis. The main difference between these 
methods is: 


Method | tests a repetitive data stream for a fixed period of time and generates a 
single stable signature. 


Method 2 tests a logical 1 (+5 V) for several periods of time, which are deter- 
mined by the 3325A processor in response to the errors it has sensed or the test 
routine that has been programmed. Each situation produces a unique stable 
signature. 
Use the following procedure for Signature Analysis Test 4: 
a. Set the 3325A POWER switch to STBY. 


® b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 


c. Connect the signature analyzer as follows: 


Clock errr aerr er nace ree rere eee nets SA CLK (at left of A6U9) 
Startand'Stopec.1.6 > skis con cienras scree SAS/S (at right of A6U15) 
Grounds Ag sne te soe een ae Sate see 3325A ground 


(stiffener channel on deck between A6 
and A21, or any Ground test point) 


d. Set the signature analyzer controls as follows: 
UIE Scr pre ae vee oa tun EO Aa ARO rua U| SS ods OBR SEAL arenes AE On 
SLT tie cect era ertreet en ee eto A fo ara ec eee Oe Te —_ (in) 
SEO Peet aoe ie ese ie omnes agaiea Rates at che aeraye —_ (in) 
CLOCK ere rote rpcerrite ee rete nee are enter a teay eee See et _/ (out) 
PIO GES erect sree eo oe eee Teo tre ee ene re Off 
Ree) id Ry st5) epeetersera tate ga er een Ure ne ene OE re nary ay rt Off 


e. Make sure the CS@ through CS2 shorting connectors (near right front corner of A6) are 
in the center position. 


f. Connect A6TP3 and A6TP6 to ground. 
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g. Set all bus address switches (A6S1) to the OFF position. See switch drawing below. 


These numbers are printed on the PC Board itself. Ignore any 
(@) 1 | numbers printed on the switch. 


«jC T)} 5 

+ j/{)CLtTtdj/|4 

<«/;)C TI! 3 Address Switches 

| [ESE] |\-2 

—« /|(CT)| 1 

= | (T1] LON — Listen Only 

ee | (22 J ROM — ROM Disable (For Test Only) 


h. Set 3325A POWER switch to ON. 


i. Disconnect ground from A6TP3 then A6TP6. 
j. Set bus address switch 5 to ON. 


k. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the 
center of A6is +5 V. 


l. Follow the flow diagram from START. If no stable or valid signatures are obtained, 
the processor (A6U9) or the ROM’s (A6U1-4) may be defective. Use the ROM Signature 
Analysis Test to check these components. 


NOTE 


After completion of the test, be sure to replace all cables, jumpers, 
and switches to the normal position. 


The signature taken in Step k should be FC6A as indicated at the START of the flow 
diagram. If it is not, go to the section of the diagram headed by the signature actually 
observed. The tests associated with each signature heading are described as follows: 

FC6A -Test passes. 

CAUH_ -Erroneous Turn-on signal. 

PCUS5 - Erroneous bus interrupt. 


AUH6~ -Erroneous sweep limit flag. 


CUS5C — Timer error. 


4525 

5307 - Fractional N IC Data lost. 
7112 

1123 - Invalid Sweep Limit Flag 
1232 - No Sweep Limit Flag. 


8-C-30 


232C - Processor receiving a VCO High signal. 


8FAF - Processor receiving a VCO Low signal. 
AFC6 - Missed Sweep Limit Interrupt. 
C2HA ~~ -Missed 1 ms Clock. 


NOTE 


Unless otherwise identified, all IC’s in this test are on the A6 
assembly. 


NO 
+5V = FC6A 
YES 


Turn-On Circuit may be 
tested by unsoldering 
A6TP5 and_ shorting 
A6R21. With S.A. Probe 
on + 5V, Signature should 


be CAUH. 


The ims Pulse from 
A6U8-3 may be checked 
with an Oscilloscope. 


NO 


Troubleshoot 


Q1, U44 


U33-13 = CAUH 


U40-3 = 0000 


+5V = CAUH 


YES 


Turn-On Circuit Problem 
U33-11 = 0000 


NO 


NO 


U25-6 = 769P 


NO 


NO YES 
U9-16 = FFC3 
Troubleshoot 
U15 


Troubleshoot 
U9 


YES 


Troubleshoot 
U40 


U33-9 = CAUH 


NO 


YES 


Troubleshoot 
Ug 


Troubleshoot 
U35 


NO 


Troubleshoot 
U9 


Troubleshoot 
U33 


Troubleshoot 
U17 


YES 


Troubleshoot 
U25 


U70-12 = 0000 = 


NO 


+5V = PCUS 


YES 


Erroneous Bus Interrupt. 


NO YES 
U56-10 = PCUS 


YES 


NO 


NO 


U64-2 = 0000 


NO 


Troubleshoot 


U57. Go To S.A. Test 3 


Troubleshoot 


Troubleshoot 


U63 


Troubleshoot 


NO 


U56-9 = PCU5 
NO 


Erroneous Atn Signal 


U72-12 = PCU5 


Troubleshoot 


U57. Go To S.A. Test 3 


Troubleshoot 
U64 


YES 


YES 


[anon 


NO 


Troubleshoot 
U55, U56 


| u7z13-rcus | = PCU5 xES 


NO 


Erroneous Atn Signal. Go 


To S.A. Test 3 


| usa. = 0000 YES 
U39-6 = 0000 
NO 
Troubleshoot 
U32 


U62-5 = 0000 


NO 


Erroneous DAV Signal 


YES 


NO 
YES 


| us24= 0000 | 0000 


NO 


YES 


Erroneous Sweep Limit 
NO Flag 


Troubleshoot Fractional N 


Control IC A21U19 


Troubleshoot 
U39, U41 


Troubleshoot 
U72 


U39-1 


YES YES 
U39-3 = AUH6 U39-2 = AUH6 esc i 
NO NO 


YES 


Troubleshoot 
U35, U41 


= AUH6 


Troubleshoot 
U32 


Handshake Error 
Troubleshoot 
U62 


Figure 8-35(a). Signature Analysis Test 5. 
8-C-31/8-C-32 


+5V = CU5C 


YES 


Use A Dual Trace 
Oscilloscope To Observe 
Signals At U35 Pins 1 and 


12. Pin 12 Should Be Low 
When Pin 1 Goes Low. 


Troubleshoot 


U35 Circuits With 
Oscilloscope 


YES 


U31-6 = CU5C 


NO 


YES 
U34-11 = CU5C 


NO 


Troubleshoot 
U34 


YES 
U18-1 = 0000 


NO 


Troubleshoot 
U34 


Troubleshoot 
U8 


Troubleshoot 
U31 


U31-4 = PC66 


Troubleshoot 
U17 


Troubleshoot 
U9 


+5V = 4525 


YES 


Fractional N IC Data Lost. 
Connect one input of a 
dual-trace oscilloscope to 
A21U28 pin 1 and trigger 
on this input. Use other 


input to observe pins 20 
through 23 of A21U19. pin 
20 should be at the time 
U28-1 is low, and the other 
pins (21-23) should be low 
at this time. 


NO 


Check Cable From A21 To 
A6 


U18-12 = 15A21 wes 


Troubleshoot 
Ug 
Troubleshoot 
U16 


YES 


U18-10 = H1HO U25-11 = POCC 
NO NO 
YES 
U18-11 = 94U5 
Troubleshoot 
U18 


YES 


NO 


Troubleshoot 
U9 


YES 


YES NO 
U16-6 = F165 


YES 


Troubleshoot 


A21U19, A21U28 


U9-16 F165 


NO 


Troubleshoot 


Ug 


+5V = 5307 


YES 


Fractional N IC Data Lost. 
Connect one input of a dual trace oscilloscope 
to A21U28 pin 1. This is the LRAD signal. Trig- 
ger on this input. Adjust sweep to observe two 
‘LRAD pulses. Use the other input to observe 
signals levels concurrent with the LRAD pulses 
NO at the points listed below: YES 


First Second 
A1U28 LRAD LRAD 
Pin Pulse Pulse 
3 High Low 
13 *Low Low 
"m4 Low High 
9 Low Low 


Troubleshoot 


A21U19, A1U28 


Check Cable 


From A21 To A6 


YES 


NO 


Troubleshoot 
U15 


Check Cable 


From A21 To A6 


+5V = 7112 


YES 


Fractional N IC Data Lost. 
Connect one input of a dual trace oscilloscope 
to A21U28 pin 1. This is the LRAD signal. Trig- 
ger on this input. Adjust sweep to observe three 
LRAD pulses. Use the other input to observe 
signal levels concurrent with the LRAD pulses YES 
at the points listed below: 
First Second Third 
LRAD LRAD LRAD 
Pulse Pulse Pulse 
High Low Low 
Low Low High 
Low High Low 
Low Low High 


Troubleshoot 
A21U19, A21U28 


Figure 8-35(b). Signature Analysis Test 5. 
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+5V = 1123 


YES 


Invalid Sweep Limit Flag 


Trace Signal Through 


A21U19, A210132, 
A6U9 And Cable 


+5V = 1232 
YES 
No Sweep Limit Flag 


Troubleshoot 
A21U19 


+5V = 232C 
YES 


Processor Receiving VCO 
High Signal 


Trace VCO High Signal 
Thorugh A21U28 And 
A21U33 


+5V = 8FAF 


YES 


Processor Receiving VCO 
Low Signal 


Trace VCO Low Signal 
Through A21U28 And 
A21U33 


+5V = AFC6 


YES 


Missed Sweep YES 
Limit Interrupt 


U32-3 = U061 


Troubleshoot 
U17 


Troubleshoot 
U32 


Go To ROM S.A. Test Or 
S.A. Test O 


+5V = C2HA NO 


YES 


Missed 1ms Clock YES Troubleshoot 


Check U35-12 For 1ms U35 
Pulse 


NO 


YES 
U34-13 = 9931 a 


NO 


U31-4 = U056 


NO 


Troubleshoot lar eal 
NO U35 


O YES 
U31-5 = OH9A 
Troubleshoot Troubleshoot 
Data Bus U31 


Figure 8-35(c). Signature Analysis Test 5. 
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Board Board Board 
Designator Location Designator Location Designator Location Designator Location 
C1 G P52 A T/N G U43 Cc 
c2 G cso G U44 Cc 
C3 G Qi D cs1 G U45 H 
C4 F Q2 D Cs2 G U46 H 
C5 G U51 Cc 
C6 G R1 G U1 H U52 Cc 
C7 G R2 G U2 H U53 Cc 
R3 G U3 H U54 Cc 
C20 H R4 G U4 H U55 Cc 
C21 H R5 F U5 H U56 Cc 
C22 H R6 G U6 H 
C23 H R7 F U7 H U57 B 
C24 G R8 FE U8 G U58 B 
C25 G RQ Cc ug G U59 B 
C26 F R10 D U60 B 
C27 F R13 G U10 G U61 B 
C28 E R14 D Uu11 G U62 B 
c29 E R15 Cc U12 G U63 B 
C30 E R16 Cc U13 G U64 B 
C31 E R17 Cc U14 G U65 B 
C32 D R18 B U15 F U66 A 
C33 D R19 E U16 FE U67 A 
C34 D R20 D U17 ld U68 A 
C35 Cc R21 Cc U18 F U69 A 
C36 H R22 Cc U19 F U70 A 
C37 H R23 Cc U20 F U71 A 
C38 Cc R24 Cc U21 F U72 A 
C39 B R25 Cc U22 F U73 A 
C40 B R26 F U23 F U74 A 
C41 G R51 B U24 F U75 Cc 
R52 Cc U25 E 
C52 Cc R53 A vi A 
C53 A R54 Cc U26 E W1 B 
C54 A R55 Cc U27 E 
C55 A U28 E 
C56 A S1 B U29 E 
C57 A U30 E 
C58 Cc Test Points U31 E 
C59 Cc U32 D 
C60 Cc 1 G U33 D 
C61 B 2 Cc U34 D 
C62 B 3 F U35 D 
4 Cc U36 D 
CR1 F 5 D U37 D 
CR2 H 7 Cc U38 D 
CR4 (e; 51 A U39 D 
CR5 Cc 52 A U40 D 
53 A U41 D 
J1 F 54 A U42 D 
J2 D GND D 
J3 D GND H 
J4 D 
J51 A SA CLK G 
SA S/S F 
A G STBY A 
L2 F 
L3 F 
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21 23 24 


A6 
03325-66506 
Rev C 


Note 1: Refer to paragraph 8-113 if board replacement is necessary. 
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SERVICE GROUP D - VOLTAGE CONTROLLED OSCILLATOR SHIELD. 


The VCO circuit is covered by a shield consisting of a flat cover and an extrusion. Always set 
the POWER switch to STBY before removing or replacing the shield. When replacing the 


shield, make sure the key on the bottom edge of the shield is aligned with the hole in the 
printed circuit board. 


Voltage Controlled Oscillator Troubleshooting. 


“OSC FAIL” Display Indication. 


a. With an oscilloscope, check the reference pulse signal at A21U1 pin 11. This should be 
a very narrow pulse with an amplitude of approximately 2 V p-p at a frequency of 100 kHz. 


If this signal is correct, go to Step b. 


If this signal is not correct, go to Service Group G. 


Do not allow disconnected cable connectors to contact the printed 
circuit boards or components, or circuits may be damaged. 


b. Check the +5V, +15V, and -15V power supply voltages at the following points: 
+ SV ----- C33 (Service Group F) 
+15V ----- C10 (Service Group F) 
-15V_ ----- C26 (Service Group F) 


Moreover, when the problem has been isolated to the functional block, the first step should be a check 
of the power supply voltage into the functional block. 
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c. Make sure the VCO oscillates at the top and bottom of its frequency range. Disconnect the cable 
from A21J18A (cable marked 18 S-H). This is the VCO control voltage. Measure the frequency of 
the signal at A21U34 pin 14 and at A21Q161 collector. The frequency should be approximately 45MHz. 
If the frequency is not approximately 45MHz, check varicaps CR164 and CR166. 


d. Place an external dc voltage (-3V to + 10V) at the VCO input and note the following frequencies 
at the collector of Q161 and at U34 pin 14. 


DC Voltage Frequency 
—3V 60.9MHz 
+5V 42.6MHz 

+10V 30 MHz 


If the VCO frequency is not correct, disconnect the external DC power supply and measure the DC 
voltages noted on the VCO schematic diagram. Voltages should be within + 10%. (Voltages are meas- 
ured with A21J18A still disconnected.) 


If the VCO frequencies are correct, go to step e. 


e. Reconnect the cable to A21J18A. Measure the voltage levels at A21U33 pins 1 and 7. The volt- 
age at one of these pins may be at approximately + 13V, and the other at a negative voltage. (If the 
frequency synthesis circuits are operating correctly, both pins will be negative. 


f. Connect an oscilloscope to A21TP9. 


If pin 1 of A21U33 is positive, and the signal at TP9 is always positive, the trouble is probably in 
the Integrator, Bias, or Sample/Hold circuits. Go to Service Group F. 


If pin 1 of A21U33 is positive and the signal at TP9 is mostly negative, the trouble is probably in 
the +N.F Counter circuits, Service Group E, or the Phase Comparator, Service Group F. 


If pin 7 of A21U33 is positive, and the signal at TP9 is always positive, the trouble is probably in 
the +N.F Counter circuits, Service Group E, or the Phase Comparator, Service Group F. 


If pin 7 of A21U33 is positive, and the signal at TP9 is mostly negative, the trouble is probably in 
the Integrator, Bias, or Sample/Hold circuits. Go to Service Group F. 
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No Rear Panel AUX Output, or Incorrect AUX Frequency 
(Either One-Half or Two Times the Programmed Frequency). 


a. Set function to sine, frequency to 10 MHz. 


b. Measure voltage level at A3U18 pin 9. Should be at a TTL high level (=> +2.4 V). If 
not, goto Step g. 


c. Set frequency to 21 MHz. Voltage level at A3U18 pin 9 should be TTL low 
(= + 0.4 V). Voltage at A3U18 pin 6 should be high. If either voltage is not correct go to 
Step g. 

d. Set frequency to 29.999 999 999 MHz. Voltage levels should be the same as in Step c. 

e. Set frequency to 30 MHz. Voltage at A3U18 pin 6 should be low, pin 9 should be low. 


f. If all of the above levels are correct, the trouble is probably in A3U18, U19, C152, or 
R158. 


g. If any of the above levels is incorrect, check input pins 12 and 13 of A3U10 for the 
presence of TTL level pulses. 


e If input pulses are present, A3U10 may be defective. 


If input pulses are not present, go to Control Logic troubleshooting, Service 
Group C. 
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Board Board Board Board Board 
Designator Location Designator Location Designator Location Designator Location Designator Location 
C1 A C111 E L106 E R41 ¢ R121 F 
c2 A C112 E L107 F R42 c R122 F 
e3 A C113 E L108 F R43 ¢ R123 F 
C4 A C114 E L109 F R44 CG 
R45 Cc R151 G 
C6 A C116 F L111 F 
C7 A C117 F L112 F R46 c R153 G 
c8 A C118 F L113 F R47 c R154 G 
cg A C119 F L114 F R48 Cc 
R49 Cc R156 G 
C11 A C121 F L116 F R157 G 
C12 B C122 F L117 F R56 D R158 G 
cts B C123 F R57 D R159 G 
C14 B C124 F 154 G R58 D 
L152 G R59 D Ti F 
C16 B C126 F L153 G it F 
C17 B C127 F R61 D 
C18 B C128 F P2 D R62 D TP1 B 
c19 B C129 F R63 D TP2 c 
Qi A R64 D TP3 Cc 
C21 B C151 G Q2 B TP4 D 
C22 B C152 G Q3 B R66 D 
C23 B C153 G a4 Cc R67 D TP6 E 
C24 Cc C154 G Q6 E R68 D TR E 
C26 Cc R69 D 
C27 Cc C156 G Q101 E R70 Cc U1 A 
C28 B C157 G Q102 E U2 A 
c29 B C158 G R71 D U3 A 
R1 A R72 Cc U4 A 
C31 B CR1 A R2 B R73 D U5 B 
C32 Cc CR2 A R3 A R74 D 
C33 Cc CR3 A U6 B 
C34 B CR4 A R6 A R76 D U7 B 
R7 A R77 D U8 B 
C36 Cc CR6 A R8 A R78 D ug Cc 
C37 Cc CR7 B RQ A R79 D U10 D 
C38 Cc CR8 Cc R10 A 
C39 Cc R81 D Uu11 D 
CR101 F R11 A R82 D U12 D 
C41 Cc R12 A R83 D U13 D 
C42 c J1 Cc R13 A R84 D U14 D 
C43 Cc J2 D R14 A U15 & 
C44 Cc J3 G R86 D 
R16 A R87 D U16 F 
C46 Cc J7 D R17 B R88 D U17 G 
C47 Cc J8 B R18 B R89 D U18 G 
C48 Cc J9 A R19 B U19 G 
c49 D J10 A R91 D 
J11 A R21 B R92 D Y1 Cc 
C51 D R22 B R93 D 
C52 D J15 G R23 B Norm/Test D 
C53 D J23 c R24 B R101 E 
C54 D J24 D R102 E 
R26 B R103 E 
C56 D L1 A R27 B R104 E 
C57 D L2 B R28 B 
C58 D L3 B R29 B R106 E 
C59 E L4 Cc R30 B R107 E 
L5 B R108 E 
C61 E R32 B R109 E 
L6 B R33 Cc 
C101 E L7 B R34 Cc R111 E 
C102 E L8 c R112 E 
C103 E Lo Cc R36 c R113 F 
C104 E R37 Cc R114 F 
L101 E R38 c R115 F 
C106 E L102 E R39 Cc 
C107 E L103 E R116 B 
C108 E L104 E R117 F 
C109 E L105 E R118 F 
R119 F 
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Figure 8-37, VCO, A21, and VCO Buffer, A3. 
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SERVICE GROUP E - +N.F COUNTER. 


@ +N.F Counter Troubleshooting. 


Do not allow disconnected cable connectors to contact the printed 
circuit boards or components, or circuits may be damaged. 


a. To check the +N circuitry, program the front panel for a frequency of 10MHz and disconnect 
cable W18 at J18A. 


b. Place an external DC voltage source at the input to the VCO (-3V to +10V), and monitor the 
waveform at U1 pin 6. The 2Vp-p narrow pulse should begin to approach a frequency of 100kHz 
as the external DC control voltage is varied. 

If the frequency does not approach 100kHz, troubleshoot the +N circuitry (step c). Note that the 
frequency will approach 100kHz for every N number programmed into the 3325 and with the ap- 
propriate DC level at the VCO input. 
If the frequency at U1 pin 6 approaches 100kHz and the problem appears to be digitally related, check 
that the API current sources are getting the correct signals and that the FETs are not leaking (see 
Service Group F). 

© c. Disconnect the external power supply. Leave cable W18 disconnected at A21J18A. 


d. Measure and note the frequency of the VCO signal at jumper W3. This signal should be approxi- 
mately 45MHz. 


e. Connect test points A21TP6 and A21TP8 to ground. This disables the +N Shift Register and 
the Pulse Remove circuits. 


f. Measure the frequency at each of the following points in order, and determine the relationship 
to the VCO frequency at W3 (step d). Replace any defective components. 


A21TP1 should be VCO + 2. If not correct, check A21U32 and A21U27 for signal transitions at 
the input and output pins. 


A21TP2 should be VCO + 10. If not correct, check A21U13 and A21U18. 
A21U21 pin 8 should be VCO + 100. If not, check A21U9. 
A21TP3 should be VCO ~+ 1000. If not correct, check A21U9, A21U11, A21U21, and A21U22. 


A21TP4 should be VCO + 1000. If not, check A21U12 and A21U22. 


@ A21TP5 should be VCO + 10. If not, check A21U24. 


A21TP7 should be VCO + 1000. If not, check A21U29. 
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A21Q131 collector should be VCO + 1000 (very narrow pulse at approximately 2Vp-p). If not, check 
A21U26, A21U27, A21Q131, and A21C131. & 


A21U19 pins 2, 3, 4, 5, 6, 10, and 11 should be VCO ~ 1000. If not, A21U19 is probably defective. 


g. If all of the above signals are correct, check for the presence of input pulses at A21U19, pins 
20 through 23. 


h. Reconnect cable to A21J18A. Press the START CONT key and check for the presence of pulses 
at A21U19, pins 11, 13, 14, 15, 16, and 17. 


i. Disconnect ground from A21TP6 and A21TP8. While in continuous sweep mode, check for the 
presence of pulses at the input pins, output pins, and clock pins of A21U14 and A21U1S5. If pulses 
appear at the input pins and clock inputs and the level at the clear inputs (pin 1) is high, replace the 
defective latch IC. If pulses are also present at the outputs, the gates in the + 5 Counter circuit (A21U12, 
A21U17, A21U23) may be defective. 


Board Board Board Board Board 
Designator Location Designator Location Designator Location Designator Location Designator Location 
C1 A C166 G u (el Q131 E R51 A 
C2 A C167 G L2 D Q132 D R52 A 
c3 B C168 G L3 D R53 c 
C4 B C169 G Q161 F R54 Cc 
L131 F Q162 G 
cé6 A c171 G L132 E Q163 G R56 Cc 
c7 Cc C172 G L133 E Q164 G R57 A 
c8 A C173 G R58 A 
cg (e3 C174 G L161 G R1 A R59 A 
C10 A L162 G R2 A R61 A 
C176 G L163 G R3 A R62 A 
c11 C C177 G R4 A R63 A 
C12 c C178 G Qi B R64 A 
C13 A C179 G a2 B R6 A R65 A 
C14 ces a3 B R7 A 
c15 A C181 G a4 B R8 B R66 A 
C182 G R9 B R67 A 
C16 A C196 D a6 c R68 B 
C17 B C197 D Q7 c R11 B R69 B 
c18 B as Cc R12 B R70 A 
c19 c cR1 B ag A R13 B 
CR2 B a10 A R14 c R71 B 
C21 D CR3 B R72 B 
C22 A CR4 B Qi11 A R16 c R73 B 
C23 A CR5 c Q12 A R17 c R74 C 
C24 A Q13 A R18 c R75 B 
CR6 fo) a14 B R19 c 
C26 A CR7 c R76 c 
C27 A CR8 B Q16 B R21 c R77 c 
C28 A CR9 B Q17 B R22 c R78 c 
c29 c ais B R23 c R79 c 
CR11 B aig B R24 c 
C31 Cc CR12 Cc R81 c 
C32 Cc CR13 c Q21 B R26 A R82 c 
CR15 c a22 B R27 A R83 c 
C131 E CR16 Cc Q23 Cc R28 A R84 ic 
C132 F CR17 B Q24 c R29 A 
C133 E CR18 iC Q25 A R86 ¢ 
C134 F CR19 Cc R31 A R87 Cc 
C135 D a26 c R32 A RBS c 
CR131 D Q27 A R33 B R89 A 
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J18B E R49 A 
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SERVICE GROUP F 
FRACTIONAL N ANALOG CIRCUITS 


Model 3325A Service 


SERVICE GROUP F - FRACTIONAL N ANALOG CIRCUITS. 
Fractional N Analog Troubleshooting. 


If pin 1 of A21U33 is positive (in Service Group D Troubleshooting) and the signal at TP9 is always 
positive, or if pin 7 of A21U33 is positive and the signal at TP9 is mostly negative, the trouble is 
probably in the Integrator, Bias, or Sample/Hold circuits. 


The following waveforms may be observed at the points indicated. If the Bias/API waveforms are 
correct, but the Integrator output is not correct, the trouble is probably in the Integrator, Current 


Sources, or the Sample/Hold circuit. 


Set the frequency to 1 kHz, function to sine, or switch the power from STBY to ON, and observe 
‘he waveforms below. 


a. If the Counter circuit and VCO are working correctly but the VCO is still not tuning properly, 
set the frequency to 1.1MHz and the amplitude to 10Vp-p and test for the correct signal at A21TP10 
(see Figure 8-F-1). Make sure cable W18 is connected from the Sample and Hold output to the VCO 


input. 


A INTEGRATOR TP10 


eoesecsve OV 


eocccceee +t3V 


B BIAS/APIQ19 SOURCE 


evccsccvee—1V 


eoccvcsveee + 2V 


C BIAS Q6,Q07 EMITTERS 
eecceeeee—1.2V 


b. If the waveform at TP10 is rounded or slightly distorted, make sure the Sample/Hold FETs 
are not leaking. 


c. If the waveform at TP10 is bad, test the integrator and Sample/Hold circuitry. Heat sink and 
remove A21CR4 and A21CR8 to open the phase locked loop at the integrator input. These diodes 
are a prime noise source especially when overheated. Install jumper W2. This jumper places a 1kQ 
resistor in parallel with C17, changing the integrator to a transconductance amplifier (Eout = -1000 
x lin). While monitoring the integrator output at TP10 and the Sample/Hold output at TP11, inject 
various currents from -12mA to +5mA into the integrator input. An easy way to accomplish this 
is to use a dc power supply with a 1kQ resistor in series with its output. Every volt from the power 
supply will inject 1mA into the integrator. The voltage at TP10 and TP11 should equal the power 


supply voltage only it will be opposite in polarity. 
8-F-1 


Service 


8-F-2 


If the voltage at TP10 is correct but the voltage at TP11 is not, troubleshoot the Sample/Hold cir- 
cuitry. Apply +5V to A21U6(3). The output voltage at TP11 should be +5V. If not, replace U6. 
If the voltage at TP11 is correct, momentarily short across A21C24, then apply the + 5V at the junc- 
tion of A21Q27 (drain) and A21Q39 (source). The voltage at TP11 should be +5V. If not, check 
for the presence of the Sample/Hold Control signal from the base of A21Q44 through to the gates 
of Q27 and Q39. This signal should be a 0.3 to 0.6us TTL pulse at 100kHz. The pulse width is derived 
from the VCO frequency (VCO/10) and the repetition rate is derived from VCO/N.F. 


d. If the integrator and Sample/Hold circuitry appear to be operating properly, check the follow- 
ing circuits in the order given to isolate the faulty sub-block. 


1. Check the phase comparator output at A21TP9. The waveform should appear as shown in 
Figure 8-F-1 for the given conditions. 


2. Measure the voltage at the junction of R41 and R39. The voltage should be -8V. 


3. Check the outputs of U4 and US for the presence of the bias and API signals. These signals 
should be toggling while the 3325A is sweeping. If the signals are not present, check the oper- 
ation of the Fractional N chip (U19) and check for the latch clock coming from U22 pin 6. 


e. If the above circuitry is good, then the fault probably lies in the integrator or the API 1/Bias 
sub-block. 


API Troubleshooting. 


Exercise care when troubleshooting the API/Bias circuitry. The signals are small currents that are 
difficult to detect. Note that if the VCO locks but there are large spurious signals present at the out- 
put, diodes A21CR3, CR4, CR8, and CR9 should be checked. 

f. Connect cable W18 back to the sample/hold output at J18A if not already done so. 


The following steps determine if the digital programming portion or the analog portion of the A21 
board is at fault. 


g. Enter a frequency on the 3325A front panel of 5 000 001Hz. 
For this frequency, the fractional-N counter is trying to correct the phase detector error for the 1Hz 
offset. Hence, the programming pattern for API 1 will repeat at a 1.0s rate, API 2 will repeat at 


0.1 second rate, API 3 at a 0.01s rate, API 4 at a 0.001s rate, and API 5 at a 0.0001s rate. 


h. Using an oscilloscope, check for each programming pulse at the following outputs: 


API 1 US5(9) 
API 2 U4(15) 
API 3 U4(12) 
API 4 U4(10) 
API 5 U4(7) 


i. If these pulses are present, then the digital section is probably good, and the fault may lie in 
the analog current sources. If any of the pulses are not present, check the fractional-N chip (U19) 
for the proper signals. 


Individual AP! Troubleshooting. 


j. Connect a spectrum analyzer through a 1kQ series resistor to A21TP11. 
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e k. Select the sine function on the 3325A and set the frequency to 5 000 000Hz. 


|. Set the spectrum analyzer as follows to measure the signal at TP11: 


Stait, Frequency... cccesseiascnimsswrms seen sms OkHz 
BandWidth ..c00 iwc ndas mode aesamneeued een 30Hz 
Frequency Span ............. 0c eee eee 1kHz/div 
SWéeep TIME/ Di 2 asscinscaiasdaswememenecbes 200s 
Input Sensitivity c<scecdi.ckewmecuemasmewe amine 10mV 
Sweep Mod6..:05¢c:05+ niet eeiaesmeesaeees Manual 
Vertical Scale ci beinncmeeis mies amnae im 10dB/div 


The analyzer should measure a level of < -70dB. If the signal at TP11 is < -70dB, the API current 
sources in their OFF mode are not interfering with the phase detector output and the digital portion 
of the board is probably good. If the signal is not < -70dB, either the API current sources may not 
have turned off sufficiently or the phase detector input and output signals may be bad. 


m. Set the 3325A frequency to 5 001 000Hz. 


n. The spectrum analyzer should read < -70dB at TP11. If this signal is incorrect, troubleshoot 
the API 1 sub-block and the U19 programming signals. If the signal is good, the problem is probably 
not in the API 1 sub-block. Proceed to step o. 


@ o. Set the 3325A frequency to 5 000 100Hz. 


p. The spectrum analyzer should read < -70dB. This frequency tests the API 2 circuit. If the signal 
is incorrect, troubleshoot the API 2 sub-block and the U19 programming signals. If the signal is good, 
proceed to step q. 


q. Set the 3325A frequency to 5 000 010Hz. 


r. The spectrum analyzer should read < -70dB. This frequency tests the API 3 circuit. If the signal 
is incorrect, troubleshoot the API 3 sub-block and the U19 programming signals. If the signal is good, 
proceed to step s. 


s. Set the 3325A frequency to 5 000 001Hz. 


t. The spectrum analyzer should read < -70dB at TP11. This frequency tests the API 4 circuit. 
If the signal is incorrect, troubleshoot the API 4 sub-block and the U19 programming signals. If the 
signal is good, proceed to step u. 


u. Set the 3325A frequency to 5 000 000.1Hz. 


v. The spectrum analyzer should read < -70dB. This frequency tests the API 5 circuitry. If the 
level is incorrect, troubleshoot the API 5 sub-block and the U19 programming signals. 


Phase Modulation Troubleshooting 


If the output does not respond properly to a phase modulation input, measure dc voltages within 
the Phase Modulation circuit (A1Q37 and Q38) with: 


Phase Modulation linearity problems can often be traced to A21CR18 and A21CR19. 
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Important 
TP HP3325 Set Up Measurement Set Up Parameters Waveform 


Freq 1.1 MHz 
Function Sine 
Amplitude 10Vp-p 


Freq 19.9MHz 
Function Sine 
Amplitude 10Vp-p 


Freq 1.1 MHz 
Funcion Sine 
Amplitude 10Vp-p 


Freq 19.9MHz 
Function Sine 
Amplitude 10Vp-p 
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Oscilloscope 

Ch1 Coupling de 

Chi Volts/Div 1V/div 
Time Div. 3.00usec 
Trigger Chl 


Oscilloscope 

Chl Coupling de 

Chl Volts/Div 1V/div 
Time Div. 3.00usec 
Trigger Chl 


Oscilloscope 

Chl Coupling de 
Chl Volts/div 3.0V 
Time Div 3.0ysec 
Trigger Chl 


Oscilloscope 

Chl Coupling de 
Chl Volts/div 3.0V 
Time Div 3.0usec 
Trigger Chl 


Pulse Height 
and Width 


Pulse Height 
and Width 


Pulse Height 
and Width 


Pulse Height 
and Width 


CH! CPLG=DC 
CHI= 1 V7Div 


MT=CHI 


Main= 3 us/Div 


CH1 CPLG=DC 
CHi= 1 V-Div _ 


+ 


MT=CH1 


Main= 3 us/Div 


CH1 CPLG=DC 
CHi= 3 V~Div 


a 


MT=CH1 


Main= 3 us/Div 


CH1 CPLG=DC 
CH1= 3 V~Div 
| 


| 


| 
| 
| 
| 


MT=CH1 
Main= 3 us/7Div 


Figure 8-F-1. TP9 & TP10 Waveforms 
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SERVICE GROUP G - 30MHz REFERENCE AND DIVIDERS. 


30MHz Reference Troubleshooting. 


“OSC FAIL” Display Indication. 


Step a of the ‘‘OSC FAIL”’ troubleshooting in Service Group D should be performed before 
proceeding with the following. 


a. Check frequencies at the following points in order. If the signal is incorrect at any 
point, troubleshoot the associated circuits. 


A3TP3 30 MHz 

A3U2 pins 5 and 6 10 MHz 

A3U1 pin 3 1 MHz 

A3UI1 pin 6 2 MHz 

A3J10 1 MHz 

A3U1 pin 13 100 kHz 

A3US pin 8 100 kHz 

A3Q1 collector 100 kHz (narrow pulse) 


If the 30MHz Oscillator is failing it could be due to heavy loading by the multiplier (A3U11). This 
can be checked by lifting A3R73. Oscillator failures have also been linked to A3Q6, A3Y1, and A3CR8. 


Do not allow disconnected cable connectors to contact the printed 
circuit boards or components, or circuits may be damaged. 


Amplitude Troubleshooting. 


b. The most common cause of problems in the Sine Amplitude Control and Amplitude Modulation 
circuitry is the multiplier (A3U11). Problems with U11 are usually detected by incorrect voltages at 
A3TP4. The voltage at TP4 should be pure de and on a working instrument (or a malfunctioning 
one with Auto Calibration Disabled* - ACD) will be the following levels: 


* See Figure 8-44 (Service Group K) for ACD test point location. 


Programmed 
Amplitude TP4 
3Vp-p 2Vdc 
10Vp-p 6Vdc 


Using the modify key to increase the programmed voltage by one volt at a time should cause the volt- 
age at TP4 to increase linearily as well. Pulling cable W23 at either end should cause TP4 to reach 
approximately 6-8V. 
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c. If the voltage at TP4 is correct but the output amplitude is still incorrect, check the ac voltages 
on U14 pins 6 and 7. With 10Vp-p programmed, both voltage levels should be approximately 0.6Vp-p. = 
If not and with W23 disconnected at A3J23, measure the voltage at the following points: 


A3TP4 6-8Vde 
A3U11(9) 4.8Vdc 


Note also that U14 is probably bad if the frequency difference between pins 6 and 7 is greater than 
20% (the frequency should be approximately 30MHz on both pins). 


d. If after A3U11 and/or A3U14 have been replaced and incorrect voltages are measured at TP4, 
the amplitude problem may be isolated via Service Groups C, J, or I. 


e. If the voltages at TP4 are correct and the output amplitude is incorrect, troubleshoot the problem 
via Service Groups H or J. 


PRESET CURRENT 
COUNTER > SOURCE | 
A14-I A14-I 


The Amplitude Calibration Disable, ACD, is used to break the 
feedback path during troubleshooting of amplitude problems 
Connect ACD to Gnd and cycle power off and on 
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Figure 8-G-1. Sine Amplitude Control Path. 
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SERVICE GROUP H - MIXER. 
Mixer Shields. 


The Mixer circuits are covered by two shields, each consisting of a flat cover and an extru- 
sion. Always set the POWER switch to STBY before removing or replacing the shields. 
When replacing a shield, make sure the key on the bottom edge of the shield is aligned with 
the hole in the printed circuit board. Also, make sure the hole in the cover nearest the front 
of the instrument is over the mixer adjustment resistor. 


Mixer Troubleshooting. 


Failures on this portion of the A3 board are usually linked to A3CR101, A3U16, and sometimes A3U15. 
A3U16 often fails because of metalization. 


a. Ground the Auto Calibration Disable (ACD) test point (Service Group K - Figure 8-44) and cycle 
power. When 10Vp-p is programmed, the voltage at A3TP6 should be 100mVp-p with no dc. If this 
voltage is not correct, make sure that ACD is disabled and check TP6 again. If the voltage is still 
incorrect, the fault lies prior to TP6. 


b. To check for a A3CR101 failure, turn the instrument off and measure the resistance from TP6 
to ground. An ohmmeter with < ImA of current (3455A for example) is needed. The resistance should 
range from 198Q to 2020. If the resistance measures less than 1989, one of the diodes in CR101 is 
leaky. CR101 can also be responsible for poor harmonic distortion and spurs. 


c. When replacing CR101, a good technique is to use four round toothpicks to position each of 
the four leads into place. This enables the new CR101 to be checked for satisfactory operation before 
it is soldered in place. Since the orientation of CR101 often affects harmonics and spurs, rotating 
it 90, 180, or 270 degrees can often improve these specifications. Use care when replacing CR101. 
Because of its small size, it is often damaged when being soldered. 


d. The waveform on the secondary windings of T1 (side closest to CR101 on schematic) can be 
observed on an oscilloscope. At turn-on, this waveform should be a 2Vp-p, 30MHz sine wave on 


both leads. Note that the waveform on T2 is not as easily observed. 


e. The voltage measured at A3TP7 should be the same as A3TP6 (step a). If this is the case, A3U15 
is probably good. 


8-H-1 


Service Model 3325A 


f. The mixer output signal leaves the A3 board and enters the Al4 board as a current via cable 
W24. A check of this current is made as follows: 


1. Connect the ACD test point (Service Group K) to ground and cycle instrument power. 
2. Move the Norm/Test jumper on A3 (Service Group H) to the test position. 

3. Program the front panel for a sine function at 10Vp-p. 

4. Remove cable W24 from connector J24 on A3 (Service Group H). 


5. Place an oscilloscope probe on J24’s center connector. The signal should be close to 2.00Vp-p 
with 2.2Vdc. 


6. Program an instrument sweep from 1kHz to 20MHz while monitoring the signal at the center 
connector of J24. Note that the voltages should remain the same. If they do not, check the 
multiplier (U11) and the differential amplifier (U14) in Service Group G. 


PRESET CURRENT 
COUNTER > SOURCE 
A14-I A1l4-I 


The Amplitude Calibration Disable, ACD, 1s used to break the 
feedback path during troubleshooting of amplitude problems 
Connect ACD to Gnd and cycle power off and on 
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Figure 8-H-1. Sine Amplitude Control Path. 
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Figure 8-41. Mixer, A3. 
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SERVICE GROUP | - D/A CONVERTER AND SAMPLE HOLD. 


D/A and Sample/Hold Troubleshooting. 


These circuits convert digital information (from the controller) to the analog voltages which 
control output level, dc offset, etc. If these control voltages appear to be incorrect (Service 
Groups J, K, or N) the trouble may be in the DAC counters, current source, or integrator, or 
in the Sample/Hold switches or amplifiers. 


Observe the ‘‘DAC Integrator Out’’ pulse train shown below. The voltage level at each Sample/Hold 
output amplifier test point should be identical to the level of its corresponding pulse at the DAC test 
point. This pulse train occurs at instrument turn-on and with the ACD test point grounded (schematic 
K - Service Group K). Note that the levels have a tolerance of + 0.02Vdc. Verification of these levels 
is made by again grounding the ACD test point, externally triggering an oscilloscope on the positive 
slope of test point AZ, and connecting the scope’s input to the DAC test point. 


eee egeeca 4 


A ANALOG SWITCH ENABLE 


“OV 


-:-OV 


B DAC INTEGRATOR OUT 


---10.2V 


1 2 3 4 5 6 1 2 ¢ © e 
1 = DAC Auto Zero (No TP) 0.0Vdc 
2 = Amplitude Calibration Level (TP +LVL) -10.2Vdc 
3 = Output Amplitude (TP AMPL) -4.0Vdc 
4 = DC Offset (TP OS2) 0.0Vdc 
5 = DC Offset Correction (TP OS1) 0.0Vdc 
6 = X Drive (TP XDR) 0.0Vdc 
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If the level at each Sample/Hold test point is not the same as its corresponding pulse at the DAC 
test point, suspect problems with the analog switch, the op amp, or the Sample/Hold capacitor. The 
following information can also help one determine if the Sample/Hold output is good. 


The DAC Auto Zero pulse is approximately OV and the voltage out of A14U17 will vary slightly around 
-4.2V. 


+LVL: This voltage is used during self-calibration (AMPTD CAL) at which time +LVL jumps to 
various levels for a period of about 1 second. At all other times, +LVL remains at approximately 
-10.2V. 


AMPL: This voltage controls the amplitude of all functions. The normal amplitude range is -4.0V 
to +10V. 


Programmed Sine Amplitude TP AMPL 
2.99Vp-p +7V 
3.00Vp-p —4V 
10.00Vp-p +10V 

Sine function off —10V 


OS2: This voltage controls the D.C. offset of the output waveform. 


With Sine function off: 


Programmed D.C. Offset TP OS2 
+5Vdc +10V 
—5Vdc —10V 


OS1: This is the DC offset error correction voltage and is calculated during a self-calibration. This 
voltage should always be close to OV. 


XDR: X Drive is zero when not sweeping. It’s -10V for a one second sweep and -0.1V for a 99 second 
sweep. 


A common problem with this section of the Al4 board is loading of the DAC test point by a bad 
analog switch, Op-Amp, or a Sample/Hold capacitor. To check for a loading problem, unsolder the 
lead nearest the DAC test point on the resistor (R55) between A14U16 pin 6 and the test point. Attach 
an oscilloscope probe to the unsoldered lead of the resistor and monitor the DAC pulse train. Con- 
tinue to observe this pulse train while pressing the resistor lead down so that it makes contact with 
the point from which it was unsoldered. If any change in the levels of the pulse train is observed, 
the waveform is being loaded by a defective analog switch or Op-Amp. 
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The Preset Counters and Data Latch are not easily checked, but fortunately they seldom fail. If the 

ee correct DAC pulse train is observed with Auto-Cal disabled, the counters are working correctly. Data 
pulses with TTL levels should be observable at all times at the inputs and outputs of Al4U6-A14U9 
and Al4U29. If any of these are not TTL levels or are not changing, then the IC is suspect. 


With the oscilloscope externally triggered at the AZ test point, the switch drive signals (from 
the Sample/Hold Latch, U26) can be observed at the latch outputs and the Analog Switch 


inputs (U20 and U24). Pulse timing can be compared to the DAC Integrator outputs. Pulses 
should be present at the inputs to U26 continually. 


The charge time and consequently the output voltage of the DAC Integrator is determined 
by the width of the output pulses from U10. These pulses turn on the dual current source, 


and the total current charges the integrator capacitor. The U10 outputs are negative-going 
pulses. 


Pulses should be present at the input and output pins of the various IC’s. The Load LSD, 
Load MSD, and S/H Strobe pulses should occur at a 1 kHz rate. The 2 MHz Reference (at 
the 2 MHz test point) is divided by 2 in U14 to. provide a clock signal to the DAC circuits. 
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The Amplitude Calibration Disable, ACD, is used to break the 
feedback path during troubleshooting of amplitude problems 


Connect ACD to Gnd and cycle power off and on 
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Figure 8-I-1. Sine Amplitude Control Path. 
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Board Board Board Board Board 
Designator Location Designator Location Designator Location Designator Location Designator Location 
or A C205 F J30 H R31 B R136 E 
C2 B J31 D R32 B R137 E ® 
c3 c C208 F J32 F R33 B R138 E 
C4 c C209 F R34 B R139 E 
C5 c L26 B 
cé6 c C211 F L27 B R36 B R141 E 
C212 F R37 B 
C26 A C213 F L76 E R38 B R143 E 
C27 A C214 F L77 E R39 B R144 F 
C28 A L78 E R40 B R145 F 
c29 A C216 G L79 F 
C217 G R41 B R146 F 
C31 B C218 G L101 D R42 B R147 F 
C32 B C219 G L102 D R43 B R148 F 
C33 B L103 D R44 B R149 F 
C34 B C221 G L104 F R45 c 
C35 c C222 G L105 F R151 F 
C223 G L201 F R46 B R152 F 
C36 B C224 G R47 B R153 F 
C37 B C225 G P31 D R48 B R154 F 
C38 B P32 F R49 C R156 F 
c39 B C226 G R50 B R157 F 
C227 G Qi B R158 F 
C41 B C228 G Q2 B R51 Cc R159 F 
C42 B C229 G a3 B R52 e R160 F 
C43 B C230 H R53 Cc 
C44 B C231 H Q25 B R54 c R161 F 
C45 B a26 B R162 F 
C233 G Q27 c R56 c R163 F 
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cé1 c C239 H R169 F 
C62 c Q101 D R61 c 
C63 c C241 H Q102 D R62 Cc R208 F 
C242 H Q103 E R63 c R209 F 
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c76 c CR2 c Q106 E R67 c 
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C144 F J14 c R27 A 
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SERVICE GROUP J - FUNCTION CIRCUITS. 
Function Circuits Troubleshooting. 


The A14Q112 amplifier circuit supplies sine wave current to the output amplifier. Disconnect the cable 
(marked ‘‘23 ALC’’) from A14J23 to permit maximum signal amplitude at Al4 test point SIN. 


Do not allow disconnected cable connector to contact the printed 
circuit boards or components, or circuits may be damaged. 


The sine wave signal at test point SIN should be approximately 200 mV p-p at the selected 
frequency. 


If this signal is not correct, the trouble is ahead of the SIN test point. If the sine 
function is the only one not operating correctly, check the diode CR101 and the 
filter components in the Q112 emitter circuit. 


& If there is a signal at the SIN test point, check the Sine Enable voltage at U28 pin 
10. This should be at a TTL high level. If not, check input and clock signals to 
U28 and U27. The inputs to U28 can be traced to U29, Service Group I. 


Be sure to reconnect cable 23 to Al4J23. 


Square, Triangle, and Ramp Functions. 


If the sine function is operating properly, but none of the other functions is correct, the 
trouble is probably in the Q101, Q102 circuits or U31 inverters. Also check for the correct 
enable signals from U28. The table next to U28 on the schematic relates the functions to the 
enable signal levels. The trouble may also be in the Offset and Amplitude Control circuits. 


Square Function Only. 


If the square wave function only is not operating properly, observe the signal at the SQR test 
point on Al4. This should be a TTL level square wave at the selected frequency. 


If this signal is not present, check the Square Enable voltage level at U33 pin 4, 
which should be TTL high. If correct, check the clock input at U33 pin 3, then the 
U31 inverter circuits and Q101, 102. If the signal at U31 pins 5 and 9 is correct but 
pins 6 and 8 are always low, it is possible that U32 could be defective. 


& If the signal at SQR is correct, troubleshoot the U40 circuits and the Amplitude 
Control circuits. 
If Self Tests 1 and 3 pass and Self Test 2 fails, suspect problems with A14U42 in Service Group K. 
8-J-1 
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Triangle and Ramp Functions. 


If the sine and square functions are correct, but the triangle and ramp functions are not @ 
operating properly, use the following procedure. 


a. Connect oscilloscope to the TRI test point (on A14). Set controls as follows: 


VeTiCAls0gdsranent2s andiz chu esssewecan en 0.2 V/div (+ 10 probe) 
SWCGc cans swune caGawetane ek 160 abr ecshs teas. 0.1 ps/div 
DEY. +s tenner s seeees ceders cateecaidesvaauaret Int/+ slope 


b. Set the 3325A as follows: 


PU asses seeecnseeees tear’ vewears 24wes san ead. Triangle 
Prequency secwes :aeaes ceounes nwbas peseeeebwnte dese; 1 Hz 
Amplitude... ... 0.0.0... ccc ccc cece cee eee eee ee nees 10 V p-p 


c. The pulse width of the TRI signal should increase and decrease at a 1 Hz rate (TTL 
levels). 


d. Monitor pin 9 of U36 with the oscilloscope. This should be a TTL square wave, fre- 
quency | MHz (actually 1.000001 MHz). If not, go to Step f. 


e. The signal at pin 10 of U36 should be a TTL square wave at 1 MHz. If not, go to the 
2 MHz test point and trace the signal through to U36 pin 10. U14 divides the 2 MHz 
reference by two. If U14 is not operating, check for a TTL high Triangle Enable at U14 pin 
10. 


f. If the proper signal is not present at U36 pin 9, trace the signal back through U32, 
which is a + 10 counter. Also check for a TTL high Triangle Enable level at U33 pin 10. 


g. If the digital signals are all correct the trouble may be in U40 or the Triangle and Ramp 
Filter circuits. Observe the signal at the TRIFILT test point. It should be a triangle or ramp 
(selected function) approximately 200 mV p-p. If not, check U40 output at pin 13. Measure 
voltages in the Q114-Q118 circuits. 

Ramp Functions Only. 


If only the ramp functions are not operating properly, the trouble is probably in the ramp 
reset circuits. 


a. Connect an oscilloscope to the TRI test point (on A14). Set the controls as follows: 


Verlical. sc css seemed iowsiart oa wuieaenmees 0.2 V/div (+ 10 probe) 
DO ia fos wel deAenl Auenendentonebasenag eres ey wh 0.1 ps/div 
THISBER + is5,5 x9 Bees sare whd be Aw Waren ow Sailors ome Int/+ slope 
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® b. Set the 3325A as follows: 
BUNCH OM is? ais arans caw ni emma re@nnat comeing svames one + Ramp 
BOQUCHICY «ooo ines dsccm conse erccnisi'e o eusaare « euieieie oe mimieta eee mere nue 1 Hz 
AMPHEUAGs 2.53 cwak ee awe + aw nines Sew wreled ommcwe dew aos 10 V p-p 


c. The width of the positive pulse should decrease to zero, then reset and repeat at a 1 Hz 
rate (TTL levels). 


d. Change function to — Ramp. The positive pulse at the TRI test point should increase 
to maximum, then reset to zero and repeat at a 1 Hz rate. If the signal is the same as the cor- 
rect signal in Step d, the Ramp Polarity signal from U28 pin 5 may be incorrect. This level 
should be high for — Ramp function and low for + Ramp. 


e. If the pulse width in Step c or d increases and decreases, the pulse reset circuits are not 
operating, and the 3325A output signal should bea triangle, at a0.5 Hzrate. 


f. At frequencies below 100 Hz, the ramps are reset by the digital Phase Detector, U35. 
Check for negative-going pulses at U35 pin 6, positive-going pulses at U37 pin 8, and 
negative-going pulses at U37 pin 6. Each pulse should toggle the output of U34, pin 8. The 
Ramp Enable level at U34 pin 10 must be high. 


g. At frequencies of 100 Hz and higher, ramps are reset by the + Ramp Reset pulses 
generated by the Ramp Reset one-shots (U45, Service Group K) which are triggered by the 


é Level Comparator output, U42 pin 7. These are also negative-going pulses, approximately 
10 ps wide. 


DC Offset and Amplitude Troubleshooting. 


Problems in the Amplitude and Offset control circuits are most easily located by measuring dc volt- 
ages. The voltages shown on the schematic are measured with the instrument in the turn-on state (power 
switched from STBY to ON). Amplitude problems have in the past, been linked to U38, U39, and 
U40 failures. If the amplitude level from the DAC (see AMPL test point - Service Group J) is correct 
as well as the voltages at A3TP4 (Service Group G), then the amplitude control circuitry in this serv- 
ice group is suspect. 


A dc offset in sine function only may be caused by a fault in the Q103, Q104 circuits. 


If the square, triangle, and ramp functions are inoperative, or if the DC Offset (no ac func- 


tion) is one-half the programmed level, the problem may be in Offset Control circuits U38B, 
Q106, U41B, or Q113. 


The voltages at Q108 emitters should always be identical. 
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Clipping of the positive or negative peaks on the output waveform is sometimes caused by a fault & 
in the D.C. Offset Current circuitry. Too much or too little offset current causes the output amplifier 
to saturate on either the positive or negative peaks. 


PRESET CURRENT 
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Figure 8-J-1. Sine Amplitude Control Path. 
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Board Board Board Board Board 
Designator Location Designator Location Designator Location Designator Location Designator Location 
Ci A C205 F J30 H R31 B R136 E 
¢& C2 B J31 D R32 B R137 E 
c3 € C208 E J32 F R33 B R138 E 
C4 G C209 FE R34 B R139 E 
C5 c L26 B 
C6 (23 C211 F L27 B R36 B R141 E 
C212 F R37 B 
C26 A C213 F L76 E R38 B R143 E 
C27 A C214 F L77 E R39 B R144 F 
C28 A L78 E R40 B R145 F 
C29 A C216 G L79 F 
C217 G R41 B R146 F 
C31 B C218 G L101 D R42 B R147 F 
C32 B C219 G L102 D R43 B R148 F 
C33 B L103 D R44 B R149 F 
C34 B C221 G L104 ig R45 Cc 
C35 Cc C222 G L105 F R151 F 
C223 G L201 F R46 B R152 F 
C36 B C224 G R47 B R153 F 
C37 B C225 G P31 D R48 B R154 F 
C38 B P32 F R49 Cc R156 F 
C39 B C226 G R50 B R157 F 
C227 G Qi B R158 F 
C41 B C228 G Q2 B R51 Cc R159 F 
C42 B C229 G Q3 B R52 c R160 F 
C43 B C230 H R53 c 
C44 B C231 H Q25 B R54 Cc R161 F 
C45 B Q26 B R162 F 
C233 G Q27 Cc R56 ¢ R163 F 
C46 B C234 G Q28 B R164 F 
C47 Cc C235 H R57 Cc 
C48 Cc C236 H Q76 H R58 Cc R166 F 
c49 c C237 H Q77 H 
C238 H Q78 G R60 Cc R168 F 
C61 les C239 H R169 F 
C62 Cc Q101 D R61 Cc 
C63 Cc C241 H Q102 D R62 Cc R208 F 
C242 H Q103 E R63 Cc R209 F 
C65 Cc C245 H Q104 E R64 Cc 
C66 Cc C246 G Q105 D R65 Cc R211 F 
CR1 A R212 F 
C76 Cc CR2 Cc Q106 E R67 Cc 
C77 D CR3 c Q107 E R68 Cc R214 F 
C78 G CR4 B Q108 E R69 c R215 G 
@ C101 D CR5 B Qi109 E R76 Cc R216 F 
CR6 A R77 D R217 F 
C103 D CR7 A Q112 i R78 H R218 G 
C104 D Q113 F R79 H R219 G 
CR76 H Qi14 F R80 H 
C107 D R81 H R221 G 
C108 D CR101 D Q116 F R222 G 
C109 D CR102 D Q117 F R100 D R223 G 
C110 D CR103 E Q118 F R101 D R224 G 
CR104 F Q119 F R102 D R226 G 
C111 D R103 D R227 G 
C112 D CR106 F Q201 F R104 D R228 G 
C113 D CR107 F Q202 G R105 D R229 G 
c114 D Q203 G 
CR205 G Q204 G R106 D R231 G 
C116 D CR208 G R107 D R232 G 
C117 D CR209 G Q206 G R108 D R233 G 
C118 E Q207 G R109 D R234 G 
c119 E CR210 G Q208 G R110 D 
Q209 G R236 G 
C121 E CR211 G R111 D R237 G 
C122 E CR212 G Q211 H R112 E R238 G 
C123 E CR213 G Q212 H R113 E R239 G 
C124 E CR214 G Q213 H R114 E R241 G 
CR215 H Q214 H R242 F 
C126 = R116 E R243 G 
C127 E CR216 G Q216 H R117 E R244 G 
C128 E CR217 H Q217 G R118 E 
C129 E CR218 H Q218 H R119 E R246 G 
CR219 H Q219 H R120 E R247 H 
C131 E CR220 H R248 H 
C132 E CR221 H R1 A R121 E R249 G 
C133 E R122 E R250 H 
Fi B R3 A R123 E 
C134 E F2 A R4 Cc R124 E R251 G 
C135 F F3 G RS B R252 H 
F4 G R126 E R253 G 
C136 F R6 B R127 E R254 H 
C137 F J1 F R7 B R128 E R255 G 
C138 F J2 G R8 B R129 E 
C139 F J4 H RQ Cc R256 H 
J5 G R131 E R257 H 
C141 F R11 Cc R132 E R258 H 
© C142 F JQ B R133 E R259 H 
C143 F J12 A R26 A R134 E R260 G 
C144 F J13 B R27 A 
J14 c R28 A 
C203 F R29 A 
J23 F 
J24 D 
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Model 3325A 


SERVICE GROUP K - OUTPUT AMPLIFIER AND LEVEL COMPARATOR. 
Output Amplifier and Level Comparator Troubleshooting. 


If the instrument accepts and displays entries, but there is neither a signal nor sync output, the trou- 
ble may be in the Output Amplifier circuit. Note that when troubleshooting amplitude problems, the 
Auto Calibration Disable (ACD) test point must be grounded and the power cycled (Figure 8-44). 
This procedure breaks the amplitude loop and makes it possible to troubleshoot the amplitude con- 
trol path (see Figure 8-K-1). 


a. Move the small shorting connector marked AMP IN (on A14) from the NORM to the opposite 
position. 


b. Disconnect any external equipment from the signal output. 


c. Measure the dc voltage at the AMP OUT test point and at both ends of the fuse, F3. 
These voltages should be approximately + 7.5 V. 


If these voltages are all correct, the amplifier is probably operating correctly, and 
the problem may be in the Attenuator, Service Group L. 


The fuse F3 can be opened when excessive voltage is applied to the 3325A’s signal port. It, therefore, 
blows fairly often and should be replaced as necessary (0.25A, -hp- Part No. 2110-0343). 


If the amplifier output voltage is not correct, troubleshoot the amplifier circuit by measuring de volt- 
ages within the circuit as shown on the schematic (tolerance + 10%). These voltages are measured 
with the AMP IN shorting connector in the TEST position. While troubleshooting, note that the cir- 
cuit from the node common to the bases of A14Q207 and A14Q213 to the AMP OUT test point is 
a voltage follower. Therefore, the waveform at the node and at the test point should be the same. 
When troubleshooting the circuit from A14Q210 to A14Q209, it is helpful to check the forward and 
backward resistance of each transistor. 


Be sure to replace the shorting connector to the NORM position after troubleshooting. 


If the 3325A does not meet accuracy specifications at 20MHz after repair of the output amplifier, 
and the flatness cannot be adjusted properly with the FLT adjustment (Section V, Amplitude Flat- 
ness Adjustment), it may be necessary to select a different value for A14C103 (Service Group J). In- 
creasing the value increases the output amplitude at higher frequencies, and vice versa. Note that the 
20MHz flatness adjustment (FLT) affects square wave overshoot. 


Service 
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No Sync Output, Signal Output Normal. 


If the signal output is normal but there is no sync output, check for a square wave at both 
ends of the fuse, F4. With no external equipment connected to the sync output, this should 
bea TTL level square wave. 


If the signal is present at only one end of the fuse, replace the fuse (.125 A, -hp- 
Part No. 2110-0301). 


If the fuse is good, trace the signal from U47 through U48. If any one of the five 
parallel inverters has failed with either the input or output at ground, the sync out- 
put will not be present. 


If there is no signal at U47 output, move the small shorting connector marked 
AMF IN from the NORM position to the opposite position. The dc voltage at U47 
pin 2 should then measure +3.75 V (one-half the voltage at the AMP OUT test 
point). 


Be sure to return the shorting connector to the NORM position after troubleshooting. 
Level Comparator, Level Data, and Ramp Reset Troubleshooting. 
The Level Comparator output level (at PK test point) changes each time the amplifier output 


equals the ‘‘Level’’ voltage at U42 pin 3. These changes should be easily observed when the 
AMPTD CAL key is pressed. 


The Level Comparator outputs preset the Level Data Flip-Flops, which are reset as necessary 
by the controller. 


The Ramp Reset one-shots are triggered by the Level Comparator outputs when the Ramp 
Enable signal is high. The level of the Ramp Polarity signal at U45 pins 2 and 9 determines 
whether the + Ramp or — Ramp reset one-shot is triggered. 


PRESET CURRENT 
COUNTER P| SOURCE 
A14-1 A14-1 


The Amplitude Calibration Disable. ACD, is used to break the 
feedback path during troubleshooting of amplitude problems 
Connect ACD to Gnd and cycle power off and on 


PROCESSOR 
A&-C FUNCTION 


CIRCUITS § 
A14-J 


HIGH VOLTAGE 
| dee ee, JATTENUATOR G 
beTep tae AMPLIFIER se no aPTIoN a2 


Each box contains a code such as A14-I. This lists first the board O 
number followed by the schematic number 0 U T 


Figure 8-K-1. Sine Amplitude Control Path. 
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Model 3325A Service 
Board Board Board Board Board 
Designator Location Designator Location Designator Location Designator Location Designator Location 
C1 A C205 F J30 H R31 B R136 E 
6 c2 B J31 D R32 B R137 E 
C3 ic C208 F J32 F R33 B R138 E 
C4 Cc C209 F R34 B R139 E 
C5 Cc L26 B 
C6 Cc C211 F L27 B R36 B R141 E 
C212 F R37 B 
C26 A C213 F L76 E R38 B R143 E 
C27 A C214 F L77 E R39 B R144 F 
C28 A L78 E R40 B R145 F 
c29 A C216 G L79 F' 
C217 G R41 B R146 F 
C31 B C218 G L101 D R42 B R147 F 
C32 B C219 G L102 D R43 B R148 F 
C33 B L103 D R44 B R149 F 
C34 B C221 G L104 F R45 Cc 
C35 Cc C222 G L105 F R151 F 
C223 G L201 F R46 B R152 F 
C36 B C224 G R47 B R153 F 
€37 B C225 G P31 D R48 B R154 F 
C38 B P32 F R49 Cc R156 F 
C39 B C226 G R50 B R157 F 
C227 G Qi B R158 F 
C41 B C228 G Q2 B R51 Cc R159 F 
C42 B C229 G Q3 B R52 Cc R160 F 
C43 B C230 H R53 Cc 
C44 B C231 H Q25 B R54 Cc R161 F 
C45 B Q26 B R162 F 
C233 G Q27 Cc R56 Cc R163 F 
C46 B C234 G Q28 B R164 F 
C47 Cc C235 H R57 c 
C48 c C236 H Q76 H R58 c R166 F 
c49 Cc C237 H Q77 H 
C238 H Q78 G R60 Cc R168 F 
C61 Cc C239 H R169 F 
C62 Cc Q101 D R61 c 
C63 Cc C241 H Q102 D R62 Cc R208 F 
C242 H Q103 E R63 Cc R209 F 
C65 Cc C245 H Q104 E R64 Cc 
C66 Cc C246 G Q105 D R65 Cc R211 F 
CR1 A R212 F 
C76 c CR2 Cc Q106 E R67 Cc 
C77 D CR3 c Q107 E R68 Cc R214 F 
C78 G CR4 B Q108 & R69 c R215 G 
& C101 D CR5 B Q109 E R76 Cc R216 F 
CR6 A R77 D R217 F 
C103 D CR7 A Q112 F R78 H R218 G 
C104 D Q113 F R79 H R219 G 
CR76 H Q114 E R80 H 
C107 D R81 H R221 G 
C108 D CR101 D Q116 EF R222 G 
C109 D CR102 D Q117 F R100 D R223 G 
C110 D CR103 E Qi18 F R101 D R224 G 
CR104 F Q119 F R102 D R226 G 
C111 D R103 D R227 G 
C112 D CR106 F Q201 F R104 D R228 G 
C113 D CR107 F Q202 G R105 D R229 G 
C114 D Q203 G 
CR205 G Q204 G R106 D R231 G 
C116 D CR208 G R107 D R232 G 
C117 D CR209 G Q206 G R108 D R233 G 
C118 E Q207 G R109 D R234 G 
c119 E CR210 G Q208 G R110 D 
Q209 G R236 G 
C121 E CR211 G R111 D R237 G 
C122 E CR212 G Q211 H R112 E R238 G 
C123 E CR213 G Q212 H R113 E R239 G 
C124 E CR214 G Q213 H R114 E R241 G 
CR215 H Q214 H R242 F 
C126 E R116 E R243 G 
C127 E CR216 G Q216 H R117 E R244 G 
C128 E CR217 H Q217 G R118 E 
c129 E CR218 H Q218 H R119 E R246 G 
CR219 H Q219 H R120 E R247 H 
C131 E CR220 H R248 H 
C132 E CR221 H R1 A R121 E R249 G 
C133 E R122 E R250 H 
F1 B R3 A R123 E 
C134 E F2 A R4 Cc R124 E R251 G 
C135 F F3 G R5 B R252 H 
F4 G R126 E R253 G 
C136 F R6 B R127 E R254 H 
C137 F J1 F R7 B R128 E R255 G 
C138 F J2 G R8 B R129 E 
C139 F J4 H RQ Cc R256 H 
J5 G R131 E R257 H 
C141 F R11 Cc R132 E R258 H 
C142 F JQ B R133 E R259 H 
C143 F J12 A R26 A R134 E R260 G 
C144 F J13 B R27 A 
J14 Cc R28 A 
C203 F R29 A 
J23 F 
J24 D 8 K 3 
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R261 H +15V B U1 A U26 c 
R262 H -15V B U2 A U27 c 
R263 H +15V G U3 B U28 Cc 
R264 H -15V G U4 B U29 D 
R265 H U5 Cc U30 G 
ACD G U6 Cc 
R266 H AMPL Cc U7 A U31 D 
R267 H AMP OUT G U8 A U32 D 
R268 H AZ c ug A U33 D 
R269 H U10 B U34 D 
R270 H DAC ic U35 D 
R271 H GND G u11 B 
R272 H LVL D u12 B U36 E 
R273 H os1 D U13 B U37 E 
R274 H Os2 c U14 B U38 E 
R275 H U15 B u39 E 
PK F U16 B u40 F 
R276 H RMP D U17 B u41 F 
R277 H SINE E U18 c U42 F 
SOR E u19 Ce 
Test Points U20 c U44 F 
2MHz A TRI E U45 F 
+5V A TRIFILT F U21 Cc U46 G 
XDR D U47 G 
U23 Cc U48 G 
U24 c U49 G 
U25 G U50 G 
Programmed TP Amp Out TP Amp Out 
Freq Amplitude OVde Offset 2Vde Offset 
1kHz 1 7.2Vp-p 2.4Vp-p 
2 14.4Vp-p 4.8Vp-p 
3 7.2Vp-p 7.2Vp-p 
4 9.6Vp-p 9.6Vp-p 
5 12.0Vp-p 12.0Vp-p 
6 14.4Vp-p 14.4Vp-p 
7 17.0Vp-p _ 
8 19.0Vp-p = 
9 22.0Vp-p = 
10 24.0Vp-p — 
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Figure 8-44. Output Amplifier, A14. 
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Model 3325A Service 


SERVICE GROUP L - ATTENUATOR. 


Troubleshooting Attenuator Relays and Drivers. 


Set output to: 
PUNGHON 522 ecamarsede ed tweed DC Offset only (no AC function) 
DC Offsetine:ccusetsteaieiaubecaenas i sewer <usenss wees SV 
Press AMPTD CAL Key. 


Measure the 3325A output voltage with a dc digital voltmeter. Do not use a 50-ohm load. 
The output level should be + 10.000 V +0.4%. If the output voltage is incorrect by a large 
amount (a factor of 3, 10, or 100 for example) one of the attenuator relays may be latched in 
the wrong position. With the DC Offset set to 5 V, none of the attenuator pads should be in. 


No Load Output voltage will be 


If + 100 pad (K1) is IN 0.100 V 
If + 10 pad (K2) is IN 1.000 V 
If + 3 pad (K3) is IN 3.333 V 
If + 100 and ~ 10 pads are IN 0.010 V 
If + 100 and +3 pads are IN 0.033 V 
If + 10 and +3 pads are IN 0.333 V 


If K4 is in the IN position 
Instrument with High Voltage 


Option 002 20.00 V 
Instrument without Option 002 

(front panel output) OV 

(rear panel output) 10.00 V 


Operation of the latching relays may be checked by momentarily grounding each output of 
A4U50, and A4Q76 collector, as follows: 


Pin No. Relay 


10 K4 Front output or H.V. OFF 
16 K4 _— Rear output or H.V. ON 
15 K3 OUT 
14 K3 IN 
13 K2 OUT 
12 K2 IN 
11 Kl OUT 
Q76 Coll. K1_ IN 
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A small error in the output voltage may be caused by the output amplifier or by excessive 
contact resistance in the attenuator relays, particularly if the error is not evident on all 
ranges. The following table lists the eight ranges used in the DC Offset only mode, and the 
relays used for each range. Relay K4 is used for all ranges. 


DC Offset Only Attenuator 
Range (No AC Function) Relay Pads In 


1 5.000 to 1.500 V None 

2 1.499 to 0.500 V K3 

3 499.9 to 150.0 mV K2 

4 149.9 to 50.00 mV K2, K3 
5 49.99 to 15.00 mV Kl 

6 14.99 to 5.000 mV K1, K3 
7 4.999 to 1.500 mV K1, K2 
8 1.499 to 1.000 mV K1, K2, K3 


Relay drive pulses at A14U49 outputs and A14U50 and A14Q76 occur only in conjunction with a 
range change. Changing the output level from 5V to ImV results in pulses to K1, K2, and K3 which 
place them in the ‘‘pad in’’ position. Changing from 1mV to SV causes all three relays to change 
to the ‘‘pad out’’ position. Pulses may be observed at the proper points by observing an oscilloscope 
set to a slow sweep speed while entering the above voltages. The clock pulse to U49 may also be ob- 
served during any range change. Pulses should appear at U49 inputs continually. 


A23 Attenuator Relay Cleaning and Servicing. 


Removal and Replacement 

Use a small screwdriver or similar tool to pry the flat spring retainer away from the side of the relay 
and remove the retainer. The relay can then be lifted from the board (each relay should be marked 
on the case to insure that they will be returned to the same position). When replacing the relay, make 
sure the key tabs on the bottom of the relay case are properly aligned with the holes in the printed 
circuit board and that the contact pins also fit properly. 


Relay and Board Cleaning 
Before cleaning the relays and the printed circuit board, note the following precautions: 


- do not clean the relays with solvents or fluorcarbons (e.g. Freon, ‘‘Dust-OFF’’ flux remover, or 
circuit cooler). 


- avoid touching the contacts 


- use only low pressure (10 psi max) dry gas. CO,, N,, or air are all acceptable. A squeeze bulb blower 
is good. Do not use your mouth. 
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Procedure: 


a. After the relays have been removed from the board as instructed above, blow clean the relay 
contacts and armature with low pressure dry gas (e.g., CO,, N,, or air). Do not blow with your 
mouth. 


b. Spray no-noise silicon lubricant (P/N 6030-0063) into the cavity area. Place the relay, contact 
side down, in a dust-free area and allow it to cure for 24 hours before using. 


c. Clean the printed circuit board where the relays sit with isopropyl alcohol (‘‘2-Propanol’’ P/N 
8500-0755). Apply the alcohol with a soft brush (P/N 8520-0007). Avoid circular brush strokes and 


maintain a minimum amount of application pressure. Avoid using anything else (such as erasers) on 
the board. Blow dry the board and store in a dust-free area until the relays are ready to be reattached. fap f | PETION Assen Buy Fl 23 | ATTENUATOR ASSEMBLY _ 
ry 03326 - &le604 03325 - 66523 
d. When the relays have cure dried, reattach them to the board. Check to insure that the relays = 
are functioning properly by following the procedures described in the troubleshooting section. 
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Figure 8-45. Relay Drivers, A14, 
and Attenuator, A23. 
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SERVICE GROUP M - OPTIONS: HIGH VOLTAGE OUTPUT (OPT. 002) AND HIGH STABILITY REFER- 
ENCE (OPT. 001). 


High Voltage Output Amplifier Troubleshooting. 


Before servicing the A8 assembly, be sure that it is being used within its limits of operation: 


Frequency Range: 0 - IMHz 
Output Load: 500Q minimum 


If the standard output is normal but there is no high voltage output, move the small shorting 
connector marked AMP IN (on A14) from the NORM position to the opposite position. 
Measure the dc voltage at A8TP5 and at both ends of A8F1. This voltage should be approx- 
imately +15 V. 


If voltage is present at only one end of A8F1, replace the fuse (.25 A, -hp- Part 
No. 2110-0343). 


If the fuse is good, return the shorting connector to the NORM position. Discon- 

nect the cable (marked 20 HI V1) from A8J20. Measure dc voltages with the cir- 

cuit as shown on the schematic. Voltages should be within + 10%. 
Check that jumper A6W1 is clipped or missing. The absence of this jumper indicates to the processor 
that the High Voltage option is installed and the processor will then allow voltages greater than 10Vp-p 


to be programmmed. 


Note that the A8 assembly has its own +30V power supply. 


Be sure to reconnect the cable to U8J20 after troubleshooting. 
REAR PANEL OUTPUT WITH OPTION 002. 


Normally, instruments having the High Voltage Output Option 002 are shipped from the 
factory with the signal output at the front panel. The signal output can be changed to the 
rear panel by reconnecting Cables | and 4. 


a. Disconnect Cable | (to the front panel signal output) from the attenuator assembly J1 
OUT. 


b. Disconnect Cable 4 (to rear panel signal output) from the connector on A14 labeled ‘“4 DUMMY”’, 
and connect it to JI OUT on the attenuator assembly. It may be necessary to cut a cable tie to reach J1. 


c. Connect Cable 1 to the ‘‘4 DUMMY’”’ connector. 


d. The standard and high voltage outputs will now appear at the rear panel SIGNAL con- 
nector. 


8-M-1 


Service Model 3325A 


3| 


| 


TP -15V 
] 


} 
| 
} 


w | 
rN) 
=) 


4° 
nN 
w 
> 


IND , 
NAN, 
ANY 


oH 
nN A 
~a 


Jo Neer 
|rno 


DDD 5 D@ 
eS iw 


Foran 


Nao. 
9 atam; 


CHANGING OPTION 002 TO STANDARD (FRONT/REAR) OUTPUT. 


Use the following procedure to change an instrument with High Voltage Output Option 002 
to the standard instrument Front/Rear signal output configuration. The High Voltage out- 
put will then not be available at either the front or rear panel. 


a. Disconnect Cable 20 from the attenuator assembly connector labeled ‘‘AUX OUT 
4/20’. 


b. Disconnect Cable 21 from the attenuator assembly connector labeled ‘‘HV IN’’. 


c. Disconnect Cable 4 from the connector on A6 labeled ‘‘4 DUMMY’”’ and connect it to 
the attenuator assembly connector labeled ‘‘AUX OUT 4/20”’. 


d. Connect Cable 20 to the ‘‘4 DUMMY’”’ connector. 


e. Secure Cable 21 in a position that does not allow the connector to touch the printed cir- 
cuit board or any component. 


f. Solder a small wire jumper in the position on A6 that is between A6U43 and A6S1. 
This jumper is marked W1 on the schematic diagram and the component location drawing in 
Service Group C. When this jumper is in place, the logic circuits recognize the standard (no 
high voltage output) configuration. 


g. Attach a tag or other identification to the front panel to indicate that the high voltage 
output has been disabled and that the standard signal output is available at the front or rear 
panel (switchable). 


8-M-2 


J5I - 
) stay 6 


e]JI0 
R18 : 
° ! 
O 
“| es &9 
° U57 58 uss 
7 
° wo 
oll; : 
c58 
U43 —R25—- he 
—R22— —CR5— 
12) U44 | —RaT— —CR4— c 
A2 
03325-66502 
Rev F 


AB 
03325-66508 


INPUT FROM W2O0 


HIGH VOLTAGE OUTPUT 
A8 03325-66508 


COPTION OOD 


+30V 
Fle R3 
1OpF T~ 2K 


+30V 


R21 
3.01K 


ATTENVATOR, 
ASSEMBLY 


FROM POWER 
TRANSFORME & 


Stoo 


R22 
53.6K 


OPTION 002 
FREQUENCY RANGE 
Oo TO LNHe 


N 
CS 
+£30V 
va POWER 
SUPPLY 
P\ 
122) 
re +. \ 4 
qT 
ol 
#4 __» 3 . oo 
c2 
a 
>> 


Ta) 


-3ov °! ~30V 


+30V 

CRIC v2) 

O.25A 5 wai OoTPoT TO 
] & Ber ATTENDATOR L 
CRIT ; ] ASSEMBLY 
—=§ § 
‘ MUIMUM LOAD 15 SOOD- 

-30V 


COPYRIGHT 1977 BY HEWLETT -PACKARD COMPANY 


33254 -@A-/ 


Figure 8-46. High Voltage Output Option 002, A8. 
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SERVICE GROUP N - SWEEP DRIVE CIRCUITS. 


Troubleshooting The Sweep Drive Circuits. 


To determine whether only one or both X Drive ranges are bad, monitor the X Drive output 
with an oscilloscope. 


a. Set sweep time to .999 sec. Press START CONT key. X Drive output should go from 
0 V to > +10 V during sweep up, and remain at 0 V during sweep down. 


b. Set sweep time to 1 sec. The oscilloscope display should be as described in Step a. 


c. Check the voltage at the XDR test point (on Al14). This voltage should change from 
— 10.0 V to —0.1 V when the sweep time is changed from 1 sec to .999 sec. 


d. If neither output is correct in Steps a and b, first troubleshoot the X Drive Integrator 
circuit. The ramp reset pulse at the gate of Al14Q1 should be as indicated on the schematic, 
with the negative-going edge of the pulse occurring at the end of a sweep up (in continuous 
sweep). Also check for the Ramp Reset pulse at A14U1 pin 12. If no pulse is present, go to 
the Logic troubleshooting, Service Group C. 


e. Setting the sweep time to .999 sec checks Range 1, while a time of 1 sec checks Range 2. 
If only one range is inoperative, compare the voltage at U4 pin 4 (Range 1) or U3 pin 6 
(Range 2) to the voltage at the XDR test point. 


999 sec = —0.1 V 
l sec = —10.0 V 


If these voltages are correct, the Sweep Range Switches are working, and the trouble is pro- 
bably in the X Drive Integrator. 


f. If either of the voltages in Step e is not correct, check for the Range 1 level at U4 pin 2, 
or the Range 2 level at U3 pin 2 and 3. One of these should be TTL high and the other low, 
depending upon the range of the sweep time selected. 


g. The Start output from the X Drive Start/Stop Flip-Flop should be high during a sweep 
up and low during sweep down. The L Start level at U2 pin 2 and U1 pin 15 should go low at 
the beginning of a sweep up and high just before the end of sweep up. 


Z Blank Output. 


With the 3325A in continuous sweep (linear mode) the Z Blank output should be at a TTL low level 
during sweep up, high during sweep down. Check for this signal at both ends of A14F1. If the fuse 
is bad, replace with -hp- P/N 2110-0343, 0.25A. The signal should be inverted at the base of Q3. 
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Marker Output. 


The Marker output operates only during a linear sweep up. It is high at the start of a sweep 
up, goes low at the selected marker frequency, then high again at the stop frequency. Check 
for this signal at both ends of A14F2. If the fuse is bad, replace with -hp- Part No. 
2110-0343, .25 A. 


If the fuse is good, check for the presence of the Sweep Limit Flag at U2 pin 5, 
and the Marker Reset pulse at U2 pin 1. Both should be negative-going pulses. 
Sweep Limit Flag should occur at the selected marker frequency and at the end of 
sweep up. The Marker Reset pulse should occur immediately after the end of 
sweep up. 
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Figure 8-48. Sweep Drive Circuits, A4. 
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SERVICE GROUP O - POWER SUPPLIES. 


Power Supply Troubleshooting. 


The Power Supply printed circuit board mounting screws must be 
tightened securely or the regulators will not operate properly. The 
line fuse may be destroyed. 


To determine if the trouble is in the regulators or if some other circuit is pulling down a 
power supply voltage, disconnect the cable (W22) from A2P5. This breaks the connector to 
the power switch; ground A2P5 pin 10 to enable the power supplies. 


The three power supply voltages (+ 15V, +5V) are routed from A2P5 through the cable W22 to A6P5, 
and from A6 are connected to the other assemblies through the flat cables at the side of A6 and the 
gray or blue cable to the keyboard assembly. In addition to the flat cables, +15V are routed to Al4 
through either a 2-wire cable which has a connector at each end, or through individual wires connect- 
ing to square pins at either end. When replacing either the 2-wire cable or the individual wires, make 
sure the connection is correct. The red wire goes to + 15V and the black wire to -15V. 


If the power supply voltages are not within +1V of the correct value with the cable removed, 
troubleshoot the regulator circuits, using the dc voltages noted on the schematic. Note that all sup- 
plies are referenced to -15V. Therefore, if this supply is bad, the +5V and +15V supplies will be 
off as well. 


If the power supply voltages are correct with the cable disconnected, disconnect all three of 
the flat cables and the cable to the keyboard assembly, and reconnect cable W22 to A2P5. 
Connect the STBY test point (on A6) to ground to enable the power supplies. If power sup- 
ply voltages are again incorrect, the problem is on the A6 assembly (Service Groups B and 
C). If power supply voltages are correct with A6 connected and the other assemblies discon- 
nected, replace the cables one at a time to locate the problem, then troubleshoot the ap- 
propriate assembly. 


The flat cables must be removed and reinserted carefully to pre- 
vent damage. Make sure that the cable contacts are aligned proper- 
ly with the connector contacts. 
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$ 
NOTES | 


1. When replacing Q1, Q2, or Q3, make sure the insulator is in 
place correctly. Use a heat transfer compound between the tran- 
sistor, insulator, and heat sink. Be sure to use the proper length 
screw for replacement. 


2. If the heat sink is removed from the side frame, be sure to use 
the proper length screws to replace it. If the screws are too long, or 
if the washer is omitted, the screws may short the transistors to the 


frame. 
Board Board Board 
Designator Location Designator Location Designator Location 
C1 B L1 E R17 E 
C2 B R18 F 
C3 B P1 Cc R19 F 
C4 B P2 D R20 F 
C5 B P3 H 
P4 H R21 F 
C6 Cc P5 B R22 G 
C7 ic R23 G 
C8 GC Q1 A R24 G 
cg D Q2 A R25 G 
C10 F Q3 A 
Q4 A R26 G 
C1 F Q5 A R27 H 
Cr2 E R28 H 
Q6 B R29 H 
C14 G Q7 B R30 B 
C15 G 
C16 H ag G R32 A 
C17 H Qi0o F R33 F 
C18 H Q11 A 
$1 D 
CR1 B R1 A S2 E 
CR2 B R2 A 
CR3 Cc R3 A Test Points 
CR4 Cc R4 A GND G 
CR5 D R5 A +15V G 
+5 V G 
CR6 E R6 A -15V F 
CR7 E R7 A 
CR8 F R8 A +16U Cc 
CR9 H RQ A +5U A 
CR10 Cc R10 A -15U B 
CR12 E R11 B U1 B 
CR13 E R12 B U2 F 
CR14 E R13 E U3 F 
CR15 G R14 D U4 G 
CR16 E R15 Cc 
K1 H R16 E v1 G 
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Figure 8-49. Power Supplies, A2. 
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Key Product Line 

A Analytical 

CM Components 

C Computer Systems Sales only 

CH Computer Systems Hardware Sales and Services 
CS Computer Systems Software Sales and Services 
E Electronic Instruments & Measurement Systems 


M_ Medical Products 

MP Medical Products Primary SRO 

MS Medical Products Secondary SRO 

P_ Personal Computation Products 
Sales only for specific product line 


Support only for specific product line 


IMPORTANT: These symbols designate general product line capability. They do not 


insure sales or support availability for all products within a line, at all locations. 


Contact your local sales office for information regarding locations where HP support 


is available for specific products. 
HP distributors are printed in italics. 


HEADQUARTERS OFFICES 


If there is no sales office listed for your area, contact one of these 


headquarters offices. 


NORTH/CENTRAL AFRICA 
Hewlett-Packard S.A. 

7, Rue du Bois-du-Lan 

CH-1217 MEYRIN 2, Switzerland 

Tel: (022) 83 12 12 

Telex: 27835 hpse 

Cable: HEWPACKSA Geneve 


ASIA 

Hewlett-Packard Asia Ltd. 

6th Floor, Sun Hung Kai Centre 
30 Harbour Rd. 

G.P.0. Box 795 

HONG KONG 

Tel: 5-832 3211 

After Jan. 1, 1984 

47th Floor, China Resources Bldg. 
26 Harbour Rd., Wanchai 
HONG KONG 

Telex: 66678 HEWPA HX 
Cable: HEWPACK HONG KONG 


CANADA 

Hewlett-Packard (Canada) Ltd. 
6877 Goreway Drive 
MISSISSAUGA, Ontario L4V 1M8 
Tel: (416) 678-9430 

Telex: 610-492-4246 


EASTERN EUROPE 
Hewlett-Packard Ges.m.b.h. 
Lieblgasse 1 

P.0.Box 72 

A-1222 VIENNA, Austria 

Tel: (222) 2365110 

Telex: 13 4425 HEPA A 


NORTHERN EUROPE 
Hewlett-Packard S.A. 
Uilenstede 475 

P.0.Box 999 

NL-1180 AZ AMSTELVEEN 
The Netherlands 

Tel: 20 437771 


SOUTH EAST EUROPE 
Hewlett-Packard S.A. 

7, Rue du Bois-du-Lan 
CH-1217 MEYRIN 2, Switzerland 
Tel: (022) 83 12 12 

Telex: 27835 hpse 

Cable: HEWPACKSA Geneve 


OTHER EUROPE 
Hewlett-Packard S.A. 

P.0. Box 

150, Rte du Nant-D’Avril 
CH-1217 MEYRIN 2, Switzerland 
Tel: (022) 83 8111 

Telex: 22486 hpsa 

Cable: HEWPACKSA Geneve 


MEDITERRANEAN AND 
MIDDLE EAST 
Hewlett-Packard S.A. 
Mediterranean and Middle East 
Operations 

Atrina Centre 

32 Kifissias Ave. 
Paradissos-Amarousion, ATHENS 
Greece 

Tel: 682 88 11 

Telex: 21-6588 HPAT GR 
Cable: HEWPACKSA Athens 


EASTERN USA 
Hewlett-Packard Co. 

4 Choke Cherry Road 
ROCKVILLE, MD 20850 
Tel: (301) 258-2000 


MIDWESTERN USA 
Hewlett-Packard Co. 

5201 Tollview Drive 

ROLLING MEADOWS, IL 60008 
Tel: (312) 255-9800 


SOUTHERN USA 
Hewlett-Packard Co. 
2000 South Park Place 
P.O. Box 105005 
ATLANTA, GA 30348 
Tel: (404) 955-1500 


WESTERN USA 
Hewlett-Packard Co. 
3939 Lankershim Blvd. 
P.O. Box 3919 

LOS ANGELES, CA 91604 
Tel: (213) 506-3700 


OTHER INTERNATIONAL 
AREAS 

Hewlett-Packard Co. 
Intercontinental Headquarters 
3495 Deer Creek Road 

PALO ALTO, CA 94304 

Tel: (415) 857-1501 

Telex: 034-8300 

Cable: HEWPACK 


SALES & SUPPORT OFFICES [+] 


Arranged alphabetically by country i 


ANGOLA 

Telectra 

Empresa Técnica de Equipamentos 
R. Barbosa Rodrigues, 41-1 DT. 
Caixa Postal 6487 

LUANDA 

Tel: 355 15,355 16 

EP 


ARGENTINA 
Hewlett-Packard Argentina S.A. 
Avenida Santa Fe 2035 
Martinez 1640 BUENOS AIRES 
Tel: 798-5735, 792-1293 
Telex: 17595 BIONAR 

Cable: HEWPACKARG 
A,E,CH,CS,P 

Biotron S.A.C.1.M. e |. 

Av Paseo Colon 221, Piso 9 
1399 BUENOS AIRES 

Tel: 30-4846, 30-1851 
Telex: 17595 BIONAR 

M 


AUSTRALIA 


Adelaide, South Australia 
Office 

Hewlett-Packard Australia Ltd. 
153 Greenhill Road 

PARKSIDE, S.A. 5063 

Tel: 272-5911 

Telex: 82536 

Cable: HEWPARD Adelaide 
A*,CH,CM,,E,MS,P 


Brisbane, Queensland Office 
Hewlett-Packard Australia Ltd. 

10 Payne Road 

THE GAP, Queensland 4061 

Tel: 30-4133 

Telex: 42133 

Cable: HEWPARD Brisbane 
A,CH,CM,E,M,P 


Canberra, Australia 
Capital Territory 
Office 

Hewlett-Packard Australia Ltd. 
121 Wollongong Street 
FYSHWICK, A.C.T. 2609 

Tel: 80 4244 

Telex: 62650 

Cable: HEWPARD Canberra 
CH,CM,E,P 


Melbourne, Victoria Office 
Hewlett-Packard Australia Ltd. 
31-41 Joseph Street 

BLACKBURN, Victoria 3130 

Tel: 895-2895 

Telex: 31-024 

Cable: HEWPARD Melbourne 
A,CH,CM,CS,E,MS,P 


Perth, Western Australia 
Office 

Hewlett-Packard Australia Ltd. 
261 Stirling Highway 
CLAREMONT, W.A. 6010 

Tel: 383-2188 

Telex: 93859 

Cable: HEWPARD Perth 
A,CH,CM,E,MS,P 


Sydney, New South Wales 
Office 

Hewlett-Packard Australia Ltd. 
17-23 Talavera Road 

P.O. Box 308 

NORTH RYDE, N.S.W. 2113 

Tel: 887-1611 

Telex: 21561 

Cable: HEWPARD Sydney 
A,CH,CM,CS,E,MS,P 


AUSTRIA 
Hewlett-Packard Ges.m.b.h. 
Grottenhofstrasse 94 
A-8052 GRAZ 

Tel: (0316) 291 5 66 
Telex: 32375 

CH,E 

Hewlett-Packard Ges.m.b.h. 
Lieblgasse 1 

P.O. Box 72 

A-1222 VIENNA 

Tel: (0222) 23 65 11-0 
Telex: 134425 HEPA A 
A,CH,CM,CS,E,MS,P 


BAHRAIN 

Green Salon 

P.0. Box 557 
Manama 

BAHRAIN 

Tel: 255503-255950 
Telex: 84419 

Pp 


Wael Pharmacy 

P.0. Box 648 
BAHRAIN 

Tel: 256123 

Telex: 8550 WAEL BN 
E,C,M 


BELGIUM 

Hewlett-Packard Belgium S.A./N.V. 
Blvd de la Woluwe, 100 
Woluwedal 

B- 1200 BRUSSELS 

Tel: (02) 762-32-00 

Telex: 23-494 paloben bru 
A,CH,CM,CS,E,MP,P 


BRAZIL 

Hewlett-Packard do Brasil I.e.C. Ltda. 
Alameda Rio Negro, 750 
Alphaville 

06400 BARUERI SP 

Tel: (011) 421.1311 

Telex: (011) 33872 HPBR-BR 
Cable: HEWPACK Sao Paulo 
A,CH,CM,CS,E,M,P 
Hewlett-Packard do Brasil |.e.C. Ltda. 
Avenida Epitacio Pessoa, 4664 
22471 RIO DE JANEIRO-RJ 

Tel: (021) 286.0237 

Telex: 021-21905 HPBR-BR 
Cable: HEWPACK Rio de Janeiro 
A,CH,CM,E,MS,P* 

ANAMED 1.C.E.1. Ltda. 

Rua Bage, 103 

04012 SAO PAULO 

Tel: (011) 570-5726 

Telex: 021-21905 HPBR-BR 

M 
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SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


CANADA 


Alberta 

Hewlett-Packard (Canada) Ltd. 
3030 3rd Avenue N.E. 
CALGARY, Alberta T2A 617 
Tel: (403) 235-3100 
A,CH,CM,E*,MS,P* 
Hewlett-Packard (Canada) Ltd. 
11120A-178th Street 
EDMONTON, Alberta T5S 1P2 
Tel: (403) 486-6666 
A,CH,CM,CS,E,MS,P 


British Columbia 
Hewlett-Packard (Canada) Ltd. 
10691 Shellbridge Way 
RICHMOND, 

British Columbia V6X 2W7 
Tel: (604) 270-2277 

Telex: 610-922-5059 
A,CH,CM,CS,E* ,MS,P* 


Manitoba 

Hewlett-Packard (Canada) Ltd. 
380-550 Century Street 
WINNIPEG, Manitoba R3H OY 1 
Tel: (204) 786-6701 
A,CH,CM,E,MS,P* 


Nova Scotia 

Hewlett-Packard (Canada) Ltd. 
P.O. Box 931 

900 Windmill Road 

DARTMOUTH, Nova Scotia B2Y 3Z6 
Tel: (902) 469-7820 
CH,CM,CS,E*,MS,P* 


Ontario 

Hewlett-Packard (Canada) Ltd. 
3325 N. Service Rd., Unit 6 
BURLINGTON, Ontario P3A 2A3 
Tel: (416) 335-8644 

CS,M* 

Hewlett-Packard (Canada) Ltd. 
552 Newbold Street 

LONDON, Ontario N6E 2S5 
Tel: (519) 686-9181 
A,CH,CM,E*,MS,P* 
Hewlett-Packard (Canada) Ltd. 
6877 Goreway Drive 
MISSISSAUGA, Ontario L4V 1M8 
Tel: (416) 678-9430 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard (Canada) Ltd. 
2670 Queensview Dr. 
OTTAWA, Ontario K2B 8K1 
Tel: (613) 820-6483 
A,CH,CM,CS,E*,MS,P* 
Hewlett-Packard (Canada) Ltd. 
220 Yorkland Bivd., Unit #11 
WILLOWDALE, Ontario M2J 1R5 
Tel: (416) 499-9333 

CH 


Quebec 

Hewlett-Packard (Canada) Ltd. 
17500 South Service Road 
Trans-Canada Highway 
KIRKLAND, Quebec H9J 2M5 
Tel: (514) 697-4232 
A,CH,CM,CS,E,MP,P* 
Hewlett-Packard (Canada) Ltd. 
Les Galeries du Vallon 

2323 Du Versont Nord 

STE. FOY, Quebec G1N 4C2 
Tel: (418) 687-4570 

CH 


CHILE 

Jorge Calcagni y Cia. Ltda. 
Av. Italia 634 Santiago 
Casilla 16475 

SANTIAGO 9 

Tel: 222-0222 

Telex: Public Booth 440001 
A,CM,E,M 

Olympia (Chile) Ltda. 

Av. Rodrigo de Araya 1045 
Casilla 256-V 

SANTIAGO 21 

Tel: (02) 22 55 044 

Telex: 240-565 OL YMP CL 
Cable: Olympiachile Santiagochile 
CH,CS,P. 


CHINA, People’s Republic of 
China Hewlett-Packard Rep. Office 
P.O. Box 418 

1A Lane 2, Luchang St. 

Beiwei Rd., Xuanwu District 

BEIJING 

Tel: 33-1947, 33-7426 

Telex: 22601 CTSHP CN 

Cable: 1920 

A,CH,CM,CS,E,P 


COLOMBIA 
Instrumentaci6n 

H. A. Langebaek & Kier S.A. 
Carrera 4A No. 52A-26 
Apartado Aereo 6287 
BOGOTA 1, D.E. 

Tel: 212-1466 

Telex: 44400 INST CO 
Cable: AARIS Bogota 
OM,E,M 

Casa Humboldt Ltda. 
Carrera 14, No. 98-60 
Apartado Aereo 51283 
BOGOTA 1, D.E. 

Tel: 256-1686 

Telex: 45403 CCAL CO. 
A 


COSTA RICA 

Cientifica Costarricense S.A. 
Avenida 2, Calle 5 

San Pedro de Montes de Oca 
Apartado 10159 

SAN JOSE 

Tel: 24-38-20, 24-08-19 
Telex: 2367 GALGUR CR 
CM,E,M 


CYPRUS 

Telerexa Ltd. 

P.O. Box 4809 

14C Stassinos Avenue 
NICOSIA 

Tel: 62698 

Telex: 2894 LEVIDO CY 
EMP 


DENMARK 
Hewlett-Packard A/S 
Datavej 52 

DK-3460 BIRKEROD 
Tel: (02) 81-66-40 
Telex: 37409 hpas dk 
A,CH,CM,CS,E,MS,P 
Hewlett-Packard A/S 
Rolighedsvej 32 
DK-8240 RISSKOV, Aarhus 
Tel: (06) 17-60-00 
Telex: 37409 hpas dk 
CH,E 


DOMINICAN REPUBLIC 
Microprog S.A. 

Juan Tomas Mejla y Cotes No. 60 
Arroyo Hondo 

SANTO DOMINGO 

Tel: 565-6268 

Telex: 4510 ARENTA DR (RCA) P 


ECUADOR 

CYEDE Cia. Ltda. 

Avenida Eloy Alfaro 1749 
Casilla 6423 CCI 

Quito 

Tel: 450-975, 243-052 
Telex: 2548 CYEDE ED 
CM,E,P 

Hospitalar S.A. 

Robles 625 

Casilla 3590 

QUITO 

Tel: 545-250, 545-122 
Telex: 2485 HOSPTL ED 
Cable: HOSPITALAR-Quito 
M 


EGYPT 

International Engineering Associates 
24 Hussein Hegazi Street 
Kasr-el-Aini 

CAIRO 

Tel: 23829, 21641 
Telex: IEA UN 93830 
CH,CS,E,M 

EGYPOR 

P.0.Box 2558 

42 El Zahraa Street 
CAIRO, Egypt 

Tel: 65 00 21 

Telex: 93 337 

P 


EL SALVADOR 
IPESA de El Salvador S.A. 
29 Avenida Norte 1216 
SAN SALVADOR 

Tel: 26-6858, 26-6868 
Telex: 20539 IPESASAL 
A,CH,CM,CS,E,P 


FINLAND 
Hewlett-Packard Oy 
Revontulentie 7 

PL 24 

SF-02101 ESPOO 10 
Tel: (90) 4550211 
Telex: 121563 hewpa sf 
CH,CM,CS,P 
Hewlett-Packard Oy 
(Olariniluoma 7) 

PL 24 

02101 ESPOO 10 
Tel: (90) 4521022 
A,E,MS 
Hewlett-Packard Oy 
Aatoksenkatv 10-C 
SF-40720-72 JYVASKYLA 
Tel: (941) 216318 
CH 

Hewlett-Packard Oy 
Kainvuntie 1-C 
SF-90140-14 OULU 
Tel: (981) 338785 
CH 


FRANCE 
Hewlett-Packard France 
Z.|. Mercure B 

Rue Berthelot 

F-13763 Les Milles Cedex 
AIX-EN-PROVENCE 

Tel: 16 (42) 59-41-02 
Telex: 410770F 
A,CH,E,MS,P* 
Hewlett-Packard France 
64, rue Marchand Saillant 
F-61000 ALENCON 

Tel: 16 (33) 29 04 42 


Hewlett-Packard France 
Boite Postale 503 
F-25026 BESANCON 

28 rue de la Republique 
F-25000 BESANCON 
Tel: 16 (81) 83-16-22 
CH,M 

Hewlett-Packard France 
13, Place Napoleon Ill 
F-29000 BREST 

Tel: 16 (98) 03-38-35 
Hewlett-Packard France 
Chemin des Mouilles 
Boite Postale 162 
F-69130 ECULLY Cedex (Lyon) 
Tel: 16 (78) 833-81-25 
Telex: 310617F 
A,CH,CS,E,MP 
Hewlett-Packard France 
Tour Lorraine 
Boulevard de France 
F-91035 EVRY Cedex 
Tel: 16 6 077-96-60 
Telex: 6923 15F 

E 


Hewlett-Packard France 

Parc d’Activite du Bois Briard 
Ave. du Lac 

F-91040 EVRY Cedex 

Tel: 16 6 077-8383 

Telex: 6923 15F 

E 


Hewlett-Packard France 

5, avenue Raymond Chanas 
F-38320 EYBENS (Grenoble) 
Tel: 16 (76) 25-81-41 

Telex: 980124 HP GRENOB EYBE 
CH 

Hewlett-Packard France 
Centre d’Affaire Paris-Nord 
Batiment Ampére 5 étage 

Rue de la Commune de Paris 
Boite Postale 300 

F-93153 LE BLANC MESNIL 

Tel: 16 (1) 865-44-52 

Telex: 211032F 

CH,CS,E,MS 

Hewlett-Packard France 

Parc d'Activités Cadera 
Quartier Jean Mermoz 

Avenue du Président JF Kennedy 
F-33700 MERIGNAC (Bordeaux) 
Tel: 16 (56) 34-00-84 

Telex: 550105F 

CH,E,MS 

Hewlett-Packard France 
Immueble “Les 3 B” 

Nouveau Chemin de la Garde 
ZAC de Bois Briand 

F-44085 NANTES Cedex 

Tel: 16 (40) 50-32-22 

CH" 


lL 


FRANCE (Cont’d) 
Hewlett-Packard France 

125, rue du Faubourg Bannier 
F-45000 ORLEANS 

Tel: 16 (38) 68 01 63 


Hewlett-Packard France 
Zone Industrielle de Courtaboeuf 
Avenue des Tropiques 
F-91947 Les Ulis Cedex ORSAY 
Tel: (6) 907-78-25 

Telex: 600048F 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard France 
Paris Porte-Maillot 

15, Avenue de L’Amiral Bruix 
F-75782 PARIS CEDEX 16 
Tel: 16 (1) 502-12-20 
Telex: 613663F 

CH,MS,P 

Hewlett-Packard France 

124, Boulevard Tourasse 
F-64000 PAU 

Tel: 16 (59) 80 38 02 
Hewlett-Packard France 

2 Allée de la Bourgonnette 
F-35100 RENNES 

Tel: 16 (99) 51-42-44 
Telex: 740912F 
CH,CM,E,MS,P* 
Hewlett-Packard France 

98 Avenue de Bretagne 
F-76100 ROUEN 

Tel: 16 (35) 63-57-66 
CH**,CS 

Hewlett-Packard France 

4 Rue Thomas Mann 

Boite Postale 56 

F-67033 STRASBOURG Cedex 
Tel: 16 (88) 28-56-46 
Telex: 89014 1F 

CH,E,MS,P* 

Hewlett-Packard France 

Le Péripole 

20, Chemin du Pigeonnier de la 
Cépiére 

F-31083 TOULOUSE Cedex 
Tel: 16 (61) 40-11-12 
Telex: 53 1639F 
A,CH,CS,E,P* 
Hewlett-Packard France 

9, rue Baudin 

F-26000 VALENCE 

Tel: 16 (75) 42 76 16 


Hewlett-Packard France 
Carolor 

ZAC de Bois Briand 
F-57640 VIGY (Metz) 
Tel: 16 (8) 771 20 22 
CH 

Hewlett-Packard France 
Immeuble Péricentre 
F-59658 VILLENEUVE D’ASCQ Cedex 
Tel: 16 (20) 91-41-25 
Telex: 160124F 
CH,E,MS,P* 


GERMAN FEDERAL 
REPUBLIC 
Hewlett-Packard GmbH 
Geschiftsstelle 
Keithstrasse 2-4 

D- 1000 BERLIN 30 

Tel: (030) 24-90-86 
Telex: 018 3405 hpbin d 
A,CH,E,M,P 


Hewlett-Packard GmbH 
Geschiftsstelle 
Herrenberger Strasse 130 
D-7030 BOBLINGEN 

Tel: (7031) 14-0 

Telex: 

A,CH,CM,CS,E,MP,P 
Hewlett-Packard GmbH 
Geschaftsstelle 
Emanuel-Leutze-Strasse 1 
D-4000 DUSSELDORF 

Tel: (0211) 5971-1 

Telex: 085/86 533 hpdd d 
A,CH,CS,E,MS,P 
Hewlett-Packard GmbH 
Geschiftsstelle 

Schleefstr. 28a 

D-4600 DORTMUND-Aplerbeck 
Tel: (0231) 45001 


Hewlett-Packard GmbH 
Vertriebszentrale Frankfurt 
Berner Strasse 117 
Postfach 560 140 
D-6000 FRANKFURT 56 
Tel: (0611) 50-04-1 
Telex: 04 13249 hpffm d 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard GmbH 
Geschiftsstelle 
Aussenstelle Bad Homburg 
Louisenstrasse 115 
D-6380 BAD HOMBURG 
Tel: (06172) 109-0 
Hewlett-Packard GmbH 
Geschiftsstelle 
Kapstadtring 5 

D-2000 HAMBURG 60 

Tel: (040) 63804-1 

Telex: 021 63 032 hphh d 
A,CH,CS,E,MS,P 
Hewlett-Packard GmbH 
Geschiftsstelle 

Heidering 37-39 

D-3000 HANNOVER 61 
Tel: (0511) 5706-0 
Telex: 092 3259 
A,CH,CM,E,MS,P 


Hewlett-Packard GmbH 
Geschiftsstelle 
Rosslauer Weg 2-4 
D-6800 MANNHEIM 

Tel: (0621) 70050 
Telex: 0462105 

A,C,E 

Hewlett-Packard GmbH 
Geschiftsstelle 
Messerschmittstrasse 7 
D-7910 NEU ULM 

Tel: 0731-70241 
Telex: 0712816 HP ULM-D 
A,C,E* 
Hewlett-Packard GmbH 
Geschaftsstelle 
Ehhericherstr. 13 
D-8500 NURNBERG 10 
Tel: (0911) 5205-0 
Telex: 0623 860 
CH,CM,E,MS,P 
Hewlett-Packard GmbH 
Geschiftsstelle 
Eschenstrasse 5 
D-8028 TAUFKIRCHEN 
Tel: (089) 6117-1 
Telex: 0524985 
A,CH,CM,E,MS,P 


SALES & SUPPORT OFFICES [3] 


Arranged alphabetically by country i 


GREAT BRITAIN 
See United Kingdom 


GREECE 

Kostas Karaynnis S.A. 

8 Omirou Street 

ATHENS 133 

Tel: 32 30 303, 32 37 371 
Telex: 215962 RKAR GR 
A,CH,CM,CS,E,M,P 

PLAISIO S.A. 

G. Gerardos 

24 Stournara Street 
ATHENS 

Tel: 36-11-160 

Telex: 221871 

Pp 


GUATEMALA 

IPESA 

Avenida Reforma 3-48, Zona 9 
GUATEMALA CITY 

Tel: 316627, 314786 

Telex: 4192 TELTRO GU 
A,CH,CM,CS,E,M,P 


HONG KONG 
Hewlett-Packard Hong Kong, Ltd. 
G.P.0. Box 795 

5th Floor, Sun Hung Kai Centre 
30 Harbour Road 

HONG KONG 

Tel: 5-8323211 

Telex: 66678 HEWPA HX 
Cable: HEWPACK HONG KONG 
E,CH,CS,P 

CET Ltd. 

1402 Tung Wah Mansion 
199-203 Hennessy Rad. 
Wanchia, HONG KONG 

Tel: 5-729376 

Telex: 85148 CET HX 

CM 

Schmidt & Co. (Hong Kong) Ltd. 
Wing On Centre, 28th Floor 
Connaught Road, C. 

HONG KONG 

Tel: 5-455644 

Telex: 74766 SCHMX HX 

AM 


ICELAND 

Elding Trading Company Inc. 
Hafnarnvoli-Tryggvagotu 
P.0. Box 895 

IS-REYKJAVIK 

Tel: 1-58-20, 1-63-03 

M 


INDIA 

Computer products are sold through 
Blue Star Ltd. All computer repairs and 
maintenance service is done through 
Computer Maintenance Corp. 


Blue Star Ltd. 

Sabri Complex II Floor 
24 Residency Ra. 
BANGALORE 560 025 
Tel: 55660 

Telex: 0845-430 
Cable: BLUESTAR 
A,CH*,CM,CS*,E 


Blue Star Ltd. 

Band Box House 
Prabhadevi 

BOMBAY 400 025 

Tel: 422-3101 

Telex: 011-3751 

Cable: BLUESTAR 

A.M 

Blue Star Ltd. 

Sahas 

414/2 Vir Savarkar Marg 
Prabhadevi 

BOMBAY 400 025 

Tel: 422-6155 

Telex: 011-4093 

Cable: FROSTBLUE 
A,CH*,CM,CS*,E,M 

Blue Star Ltd. 

Kalyan, 19 Vishwas Colony 
Alkapuri, BORODA, 390 005 
Tel: 65235 

Cable: BLUE STAR 

A 


Blue Star Ltd. 

7 Hare Street 
CALCUTTA 700 001 
Tel: 12-01-31 

Telex: 021-7655 
Cable: BLUESTAR 
AM 

Blue Star Ltd. 

133 Kodambakkam High Road 
MADRAS 600 034 

Tel: 82057 

Telex: 041-379 
Cable: BLUESTAR 
AM 

Blue Star Ltd. 
Bhandari House, 7th/8th Floors 
91 Nehru Place 

NEW DELHI 110 024 
Tel: 682547 

Telex: 031-2463 
Cable: BLUESTAR 
A,CH*,CM,CS*,E,M 

Blue Star Ltd. 

15/16:C Wellesley Rd. 
PUNE 411011 

Tel: 22775 

Cable: BLUE STAR 

A 


Blue Star Ltd. 
2-2-47/1108 Bolarum Rd. 
SECUNDERABAD 500 003 
Tel: 72057 

Telex: 0155-459 

Cable: BLUEFROST 

AE 

Blue Star Ltd. 

T.C. 7/603 Poornima 
Maruthankuzhi 
TRIVANDRUM 695 013 
Tel: 65799 

Telex: 0884-259 

Cable: BLUESTAR 

E 


Computer Maintenance Corporation 
Ltd. 

115, Sarojini Devi Road 
SECUNDERABAD 500 003 

Tel: 310-184, 345-774 

Telex: 031-2960 

CH** 
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INDONESIA 

BERCA Indonesia P.T. 
P.0.Box 496/Jkt. 

Jl, Abdul Muis 62 
JAKARTA 

Tel: 21-373009 

Telex: 46748 BERSAL IA 
Cable: BERSAL JAKARTA 
pP 


BERCA Indonesia P.T. 
P.0.Box 2497/Jkt 

Antara Bldg., 17th Floor 
Jl, Medan Merdeka Selatan 17 
JAKARTA-PUSAT 

Tel: 21-344-181 

Telex: BERSAL JA 

A,CS,E,M 

BERCA Indonesia P.T. 

P.0. Box 174/SBY. 

Jl, Kutei No. 11 
SURABAYA 

Tel: 68172 

Telex: 31146 BERSAL SB 
Cable: BERSAL-SURABAYA 
A‘,E,M,P 


IRAQ 

Hewlett-Packard Trading S.A. 
Service Operation 

Al Mansoor City 9B/3/7 
BAGHDAD 

Tel: 551-49-73 

Telex: 212-455 HEPAIRAQ IK 
CH,CS 


IRELAND 
Hewlett-Packard Ireland Ltd. 
82/83 Lower Leeson Street 
DUBLIN 2 

Tel: 0001 608800 

Telex: 30439 
A,CH,CM,CS,E,M,P 

Cardiac Services Ltd. 
Kilmore Road 

Artane 

DUBLIN 5 

Tel: (01) 351820 

Telex: 30439 

M 


ISRAEL 

Eldan Electronic Instrument Ltd. 
P.0.Box 1270 

JERUSALEM 91000 

16, Ohaliav St. 

JERUSALEM 94467 

Tel: 533 221, 553 242 

Telex: 25231 AB/PAKRD IL 

A 


Electronics Engineering Division 
Motorola Israel Ltd. 

16 Kremenetski Street 

P.0. Box 25016 

TEL-AVIV 67899 

Tel: 3 88 388 

Telex: 33569 Motil IL 

Cable: BASTEL Tel-Aviv 
CH,CM,CS,E,M,P 


ITALY 

Hewlett-Packard Italiana S.p.A 
Traversa 99C 

Via Giulio Petroni, 19 

|-70124 BARI 

Tel: (080) 41-07-44 

M 


Hewlett-Packard Italiana S.p.A. 
Via Martin Luther King, 38/III 
|-40132 BOLOGNA 

Tel: (051) 402394 

Telex: 511630 

CH,E,MS 

Hewlett-Packard Italiana S.p.A. 
Via Principe Nicola 43G/C 
|-95126 CATANIA 

Tel: (095) 37-10-87 

Telex: 970291 

C,P 

Hewlett-Packard Italiana S.p.A. 
Via G. Di Vittorio 9 

|-20063 CERNUSCO SUL NAVIGLIO 
(Milano) 

Tel: (02) 923691 

Telex: 334632 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard Italiana S.p.A. 
Via C. Colombo 49 

|-20090 TREZZANO SUL NAVIGLIO 
(Milano) 

Tel: (02) 4459041 

Telex: 322116 

C,M 

Hewlett-Packard Italiana S.p.A. 
Via Nuova San Rocco a 
Capodimonte, 62/A 

1-80131 NAPOL! 

Tel: (081) 7413544 

Telex: 710698 

A,CH,E 

Hewlett-Packard Italiana S.p.A. 
Viale G. Modugno 33 

|-16156 GENOVA PEGLI 

Tel: (010) 68-37-07 

Telex: 215238 

E,C 

Hewlett-Packard Italiana S.p.A. 
Via Pelizzo 15 

1-35128 PADOVA 

Tel: (049) 664888 

Telex: 430315 

A,CH,E,MS 

Hewlett-Packard Italiana S.p.A. 
Viale C. Pavese 340 

100144 ROMA EUR 

Tel: (06) 54831 

Telex: 610514 
A,CH,CM,CS,E,MS,P* 
Hewlett-Packard Italiana S.p.A. 
Via di Casellina 57/C 

|-50018 SCANDICCI-FIRENZE 
Tel: (055) 753863 


Hewlett-Packard Italiana S.p.A. 
Corso Svizzera, 185 

|-10144 TORINO 

Tel: (011) 74 4044 

Telex: 221079 

CHE 


JAPAN 
Yokogawa-Hewlett-Packard Ltd. 
152-1, Onna 

ATSUGI, Kanagawa, 243 

Tel: (0462) 28-0451 

CM,C*,E 
Yokogawa-Helwett-Packard Ltd. 
Meiji-Seimei Bldg. 6F 

3-1 Hon Chiba-Cho 

CHIBA, 280 

Tel: 472 25 7701 

E,CH,CS 


Yokogawa-Hewlett-Packard Ltd. 
Yasuda-Seimei Hiroshima Bldg. 
6-11, Hon-dori, Naka-ku 
HIROSHIMA, 730 

Tel: 82-241-0611 


Yokogawa-Hewlett-Packard Ltd. 
Towa Building 

2-3, Kaigan-dori, 2 Chome Chuo-ku 
KOBE, 650 

Tel: (078) 392-4791 


Yokogawa-Hewlett-Packard Ltd. 
Kumagaya Asahi 82 Bidg 

3-4 Tsukuba 

KUMAGAYA, Saitama 360 

Tel: (0485) 24-6563 

CH,CM,E 
Yokogawa-Hewlett-Packard Ltd. 
Asahi Shinbun Daiichi Seimei Bldg. 
4-7, Hanabata-cho 
KUMAMOTO,860 

Tel: (0963) 54-7311 

CH,E 
Yokogawa-Hewlet'-Packard Ltd. 
Shin-Kyoto Center Bldg. 

614, Higashi-Shiok oji-cho 
Karasuma-Nishiiru 

Shiokoji-dori, Shimogyo-ku 
KYOTO, 600 

Tel: 075-343-0921 

CH,E 
Yokogawa-Hewlett-Packard Ltd. 
Mito Mitsui Bldg 

4-73, Sanno-maru, 1 Chome 
MITO, Ibaraki 310 

Tel: (0292) 25-7470 

CH,CM,E 
Yokogawa-Hewlett-Packard Ltd. 
Sumitomo Seimei 14-9 Bldg. 
Meieki-Minami, 2 Chome 
Nakamura-ku 

NAGOYA, 450 

Tel: (052) 571-5171 
CH,CM,CS,E,MS 
Yokogawa-Hewlett-Packard Ltd. 
Chuo Bldg., 

4-20 Nishinakajima, 5 Chome 
Yodogawa-ku 

OSAKA, 532 

Tel: (06) 304-6021 

Telex: YHPOSA 523-3624 
A,CH,CM,CS,E,MP,P* 
Yokogawa-Hewlett-Packard Ltd. 
27-15, Yabe, 1 Chome 
SAGAMIHARA Kanagawa, 229 
Tel: 0427 59-1311 


Yokogawa-Hewlett-Packard Ltd. 
Daiichi Seimei Bldg. 

7-1, Nishi Shinjuku, 2 Chome 
Shinjuku-ku, TOKYO 160 

Tel: 03-348-4611 

CH,E 
Yokogawa-Hewlett-Packard Ltd. 
29-21 Takaido-Higashi, 3 Chome 
Suginami-ku TOKYO 168 

Tel: (03) 331-611 

Telex: 232-2024 YHPTOK 
A,CH,CM,CS,E,MP,P* 


Yokogawa-Hewlett-Packard Ltd. 
Daiichi Asano Building 

2-8, Odori, 5 Chome 
UTSUNOMIYA, Tochigi 320 

Tel: (0286) 25-7155 

CH,CS,E 


Yasuda Seimei Nishiguchi Bldg. 
30-4 Tsuruya-cho, 3 Chome 
YOKOHAMA 221 

Tel: (045) 312-1252 

CH,CM,E 


JORDAN 

Mouasher Cousins Company 
P.O. Box 1387 

AMMAN 

Tel: 24907, 39907 

Telex: 21456 SABCO JO 
CHE,M,P 


KENYA 

ADCOM Lid., Inc., Kenya 
P.0.Box 30070 

NAIROBI 

Tel: 331955 

Telex: 22639 

EM 


KOREA 

Samsung Electronics HP Division 
12 Fl. Kinam Blag. 

San 75-31, Yeoksam-Dong 
Kangnam-Ku 

Yeongdong P.O. Box 72 

SEOUL 

Tel: 555-7555, 555-5447 
Telex: K27364 SAMSAN 
A,CH,CM,CS,E,M,P 


KUWAIT 
Al-Khaldiya Trading & Contracting 
P.0. Box 830 Safat 


Yokogawa-Hewlett-Packard Ltd. & 


KUWAIT 

Tel: 42-4910, 41-1726 @ 
Telex: 22481 Areeg kt 

CH,E,M 


Photo & Cine Equipment 
P.O. Box 270 Safat 
KUWAIT 

Tel: 42-2846, 42-3801 
Telex: 22247 Matin kt 
Pp 


LEBANON 
G.M. Dolmadjian 
Achratieh 

P.O. Box 165. 167 
BEIRUT 

Tel: 290293 
MP** 

Computer Information Systems 
P.0. Box 11-6274 
BEIRUT 

Tel: 89 40 73 
Telex: 22259 

C 


LUXEMBOURG 
Hewlett-Packard Belgium S.A./N.V. 
Blvd de la Woluwe, 100 
Woluwedal 

B- 1200 BRUSSELS 

Tel: (02) 762-32-00 

Telex: 23-494 paloben bru 
A,CH,CM,CS,E,MP,P 


MALAYSIA 
Hewlett-Packard Sales (Malaysia) 
Sdn. Bhd. 


1st Floor, Bangunan British 
American & 
Jalan Semantan, Damansara Heights 

KUALA LUMPUR 23-03 

Tel: 943022 

Telex: MA31011 

A,CH,E,M,P* 


Protel Engineering 
P.0.Box 1917 

Lot 6624, Section 64 
23/4 Pending Road 
Kuching, SARAWAK 

Tel: 36299 

Telex: MA 70904 PROMAL 
Cable: PROTELENG 

AEM 


MALTA 

Philip Toledo Ltd. 
Notabile Ra. 

MRIEHEL 

Tel: 447 47, 455 66 
Telex: Media MW 649 
EP 


MEXICO 

Hewlett-Packard Mexicana, S.A. 
de C.V. 

Av. Periferico Sur No. 6501 
Tepepan, Xochimilco 

16020 MEXICO D.F. 

Tel: 6-76-46-00 

Telex: 17-74-507 HEWPACK MEX 
A,CH,CS,E,MS,P 
Hewlett-Packard Mexicana, S.A. 
de C.V. 

Ave. Colonia del Valle 409 

Col. del Valle 

Municipio de Garza Garcia 
MONTERREY, Nuevo Leon 

Tel: 78 42 41 

Telex: 038 410 

CH 


ECISA 
José Vasconcelos No. 218 


Col. Condesa Deleg. Cuauhtémoc 
MEXICO D.F. 06140 

Tel: 553-1206 

Telex: 17-72755 ECE ME 

M 


& MAYLAYSIA (Cont’d) 


MOROCCO 
Dolbeau 

81 rue Karatchi 
CASABLANCA 

Tel: 304 1-82, 3068-38 
Telex: 23051, 22822 
E 


Gerep 

2 rue d'Agadir 

Boite Postale 156 
CASABLANCA 

Tel: 272093, 272095 
Telex: 23 739 

Pp 


NETHERLANDS 
Hewlett-Packard Nederland B.V. 
Van Heuven Goedhartlaan 121 
NL 1181KK AMSTELVEEN 

P.0. Box 667 

NL1180 AR AMSTELVEEN 

Tel: (020) 47-20-21 

Telex: 13 216 HEPA NL 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard Nederland B.V. 
Bongerd 2 

NL 2906VK CAPELLE A/D IJSSEL 
P.O. Box 41 

NL 2900AA CAPELLE A/D IJSSEL 
Tel: (10) 51-64-44 

Telex: 21261 HEPAC NL 
A,CH,CS,E 


Hewlett-Packard Nederland B.V. 
Pastoor Petersstraat 134-136 
NL 5612 LV EINDHOVEN 

P.O. Box 2342 

NL 5600 CH EINDHOVEN 

Tel: (040) 326911 

Telex: 51484 hepae nl 
A,CH**,E,M 


NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 

5 Owens Road 

P.0. Box 26-189 

Epsom, AUCKLAND 

Tel: 687-159 

Cable: HEWPACK Auckland 
CH,CM,E,P* 

Hewlett-Packard (N.Z.) Ltd. 
4-12 Cruickshank Street 
Kilbirnie, WELLINGTON 3 

P.O. Box 9443 

Courtenay Place, WELLINGTON 3 
Tel: 877-199 

Cable: HEWPACK Wellington 
CH,CM,E,P 

Northrop Instruments & Systems Ltd. 
369 Khyber Pass Road 

P.0. Box 8602 

AUCKLAND 

Tel: 794-091 

Telex: 60605 

AM 

Northrop Instruments & Systems Ltd. 
110 Mandeville St. 

P.0. Box 8388 

CHRISTCHURCH 

Tel: 486-928 

Telex: 4203 

AM 

Northrop Instruments & Systems Ltd. 
Sturdee House 

85-87 Ghuznee Street 

P.0. Box 2406 

WELLINGTON 

Tel: 850-091 

Telex: NZ 3380 

A,M 


NORTHERN IRELAND 
See United Kingdom 


NORWAY 
Hewlett-Packard Norge A/S 
Folke Bernadottes vei 50 
P.O. Box 3558 

N-5033 FYLLINGSDALEN (Bergen) 
Tel: 0047/5/16 55 40 
Telex: 16621 hpnas n 
CH,CS,E,MS 
Hewlett-Packard Norge A/S 
Osterndalen 16-18 

P.O. Box 34 

N-1345 OSTERAS 

Tel: 0047/2/17 11 80 
Telex: 16621 hpnas n 
A,CH,CM,CS,E,M,P 


OMAN 

Khimjil Ramdas 

P.O. Box 19 

MUSCAT 

Tel: 722225, 745601 

Telex: 3289 BROKER MB MUSCAT 
P 


Suhail & Saud Bahwan 
P.0.Box 169 

MUSCAT 

Tel: 734 201-3 

Telex: 3274 BAHWAN MB 


SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


PAKISTAN 

Mushko & Company Ltd. 
1-B, Street 43 

Sector F-8/1 

ISLAMABAD 

Tel: 51071 

Cable: FEMUS Rawalpindi 
AEM 

Mushko & Company Ltd. 
Oosman Chambers 
Abdullah Haroon Road 
KARACHI 0302 

Tel: 524131, 524132 
Telex: 2894 MUSKO PK 
Cable: COOPERATOR Karachi 
A,EM,P* 


PANAMA 

Electrénico Balboa, S.A. 
Calle Samuel Lewis, Ed. Alfa 
Apartado 4929 

PANAMA 5 

Tel: 63-6613, 63-6748 
Telex: 3483 ELECTRON PG 
A,CM,E,M,P 


PERU 

Cia Electro Médica S.A. 

Los Flamencos 145, San Isidro 
Casilla 1030 

LIMA 1 

Tel: 41-4325, 41-3703 

Telex: Pub. Booth 25306 
CM,E,M,P 


PHILIPPINES 
The Online Advanced Systems 

vu, ation 
Rico louse, Amorsolo Cor. Herrera 
Street 
Legaspi Village, Makati 
P.O. Box 1510 
Metro MANILA 
Tel: 85-35-81, 85-34-91, 85-32-21 
Telex: 3274 ONLINE 
A,CH,CS,E,M 
Electronic Specialists and Proponents 
Inc. 
690-B Epifanio de los Santos Avenue 
Cubao, QUEZON CITY 
P.0. Box 2649 Manila 
Tel: 98-96-81, 98-96-82, 98-96-83 
Telex: 40018, 42000 ITT GLOBE 
MACKAY BOOTH 
P 


PORTUGAL 

Mundinter 

Intercambio Mundial de Comércio 
SARL. 

P.O. Box 2761 

Av. Antonio Augusto de Aguiar 138 
P-LISBON 

Tel: (19) 53-21-31, 53-21-37 
Telex: 16691 munter , 

M 


Soquimica 

Av. da Liberdade, 220-2 
1298 LISBOA Codex 

Tel: 56 21 81/2/3 
Telex: 13316 SABASA 
Pp 


Telectra-Empresa Técnica de 
Equipmentos Eléctricos S.A.R.L. 
Rua Rodrigo da Fonseca 103 
P.O. Box 2531 

P-LISBON 1 

Tel: (19) 68-60-72 

Telex: 12598 

CH,CS,E,P 


Q 
PUERTO RICO 

Hewlett-Packard Puerto Rico 

Ave. Mufioz Rivera #101 

Esq. Calle Ochoa 


HATO REY, Puerto Rico 00918 
Tel: (809) 754-7800 


Hewlett-Packard Puerto Rico 
Calle 272 Edificio 203 

Urb. Country Club 

RIO PIEDRAS, Puerto Rico 

P.O. Box 4407 

CAROLINA, Puerto Rico 00628 
Tel: (809) 762-7255 

A,CH,CS 


QATAR 
Computearbia 

P.0. Box 2750 
DOHA 

Tel: 883555 

Telex: 4806 CHPARB 
P 


Eastern Technical Services 
P.0.Box 4747 

DOHA 

Tel: 329 993 

Telex: 4156 EASTEC DH 


Nasser Trading & Contracting 
P.0.Box 1563 

DOHA 

Tel: 22170, 23539 


Telex: 4439 NASSER DH 
M 


SAUDI ARABIA 
Modern Electronic Establishment 
Hewlett-Packard Division 
P.O. Box 22015 

Thuobah 

AL-KHOBAR 

Tel: 895-1760, 895-1764 
Telex: 671 106 HPMEEK SJ 
Cable: ELECTA AL-KHOBAR 
CH,CS,E,M 

Moaern Electronic Establishment 
Hewlett-Packard Division 
P.0. Box 1228 

Redec Plaza, 6th Floor 
JEDDAH 

Tel: 644 38 48 

Telex: 4027 12 FARNAS SJ 
Cable: ELECTA JEDDAH 
CH,CS,E,M 

Moaern Electronic Establishment 
Hewlett-Packard Division 
P.0.Box 22015 

RIYADH 

Tel: 491-97 15, 491-63 87 
Telex: 202049 MEERYD SJ 
CH,CS,E,M 

Abdul Ghani El Ajou 

P.0. Box 78 

RIYADH 

Tel: 40 41717 

Telex: 200 932 EL AJOU 

P 


SCOTLAND 
See United Kingdom 


SINGAPORE 

Hewlett-Packard Singapore (Sales) 
Pte. Ltd. 

#08-00 Inchcape House 

450-2 Alexandra Road 

P.O. Box 58 Alexandra Rd. Post Office 
SINGAPORE, 9115 

Tel: 631788 

Telex: HPSGSO RS 34209 

Cable: HEWPACK, Singapore 
A,CH,CS,E,MS,P 


eal 
a 


SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


SINGAPORE (Cont'd) 
Dynamar International Ltd. 
Unit 05-11 Block 6 

Kolam Ayer Industrial Estate 
SINGAPORE 1334 

Tel: 747-6188 

Telex: RS 26283 

CM 


SOUTH AFRICA 


Hewlett-Packard So Africa (Pty.) Ltd. 


P.O. Box 120 

Howard Place CAPE PROVINCE 7450 
Pine Park Center, Forest Drive, 
Pinelands 

CAPE PROVINCE 7405 

Tel: 53-7954 

Telex: 57-20006 

A,CH,CM,E,MS,P 


Hewlett-Packard So Africa (Pty.) Ltd. 


P.O. Box 37099 

92 Overport Drive 

DURBAN 4067 

Tel: 28-4178, 28-4179, 28-4110 
Telex: 6-22954 

CH,CM 


Hewlett-Packard So Africa (Pty.) Ltd. 


6 Linton Arcade 

511 Cape Road 
Linton Grange 

PORT ELIZABETH 6000 
Tel: 041-302 148 

CH 


Hewlett-Packard So Africa (Pty.) Ltd. 


P.0.Box 33345 

Glenstantia 0010 TRANSVAAL 
1st Floor East 

Constantia Park Ridge Shopping 
Centre 

Constantia Park 

PRETORIA 

Tel: 982043 

Telex: 32163 

CH,E 


Hewlett-Packard So Africa (Pty.) Ltd. 


Private Bag Wendywood 
SANDTON 2144 

Tel: 802-5111, 802-5125 
Telex: 4-20877 

Cable: HEWPACK Johannesburg 
A,CH,CM,CS,E,MS,P 


SPAIN 

Hewlett-Packard Espafiola S.A. 
Calle Entenza, 321 
E-BARCELONA 29 

Tel: 322.24.51, 321.73.54 
Telex: 52603 hpbee 
A,CH,CS,E,MS,P 
Hewlett-Packard Espafiola S.A. 
Calle San Vicente S/No 
Edificio Albia II 

E-BILBAO 1 

Tel: 423.83.06 

A,CH,E,MS 

Hewlett-Packard Espafiola S.A. 
Crta. de la Corufia, Km. 16, 400 
Las Rozas 

E-MADRID 

Tel: (1) 637.00.11 

CH,CS,M 

Hewlett-Packard Espafiola S.A. 
Avda. S. Francisco Javier, S/no 
Planta 10. Edificio Sevilla 2, 
E-SEVILLA 5 

Tel: 64.44.54 

Telex: 72933 

A,CS,MS,P 


Hewlett-Packard Espafiola S.A. 
Calle Ramon Gordillo, 1 (Entlo.3) 
E-VALENCIA 10 

Tel: 361-1354 

CH,P 


SWEDEN 

Hewlett-Packard Sverige AB 
Sunnanvagen 14K 

$-22226 LUND 

Tel: (046) 13-69-79 

Telex: (854) 17886 (via Spanga 
Office) 

CH 


Hewlett-Packard Sverige AB 
Ostra Tullgatan 3 

S-21128 MALMO 

Tel: (040) 70270 

Telex: (854) 17886 (via Spanga 
office) 

Hewlett-Packard Sverige AB 
Vastra Vintergatan 9 

S-70344 OREBRO 

Tel: (19) 10-48-80 

Telex: (854) 17886 (via Spanga 
office) 

CH 

Hewlett-Packard Sverige AB 
Skalholtsgatan 9, Kista 

Box 19 

S- 16393 SPANGA 

Tel: (08) 750-2000 

Telex: (854) 17886 

Telefax: (08) 7527781 
A,CH,CM,CS,E,MS,P 
Hewlett-Packard Sverige AB 
Frotallisgatan 30 

S-42132 VASTRA-FROLUNDA 
Tel: (031) 49-09-50 

Telex: (854) 17886 (via Spanga 
office) 

CH,E,P 


SWITZERLAND 
Hewlett-Packard (Schweiz) AG 
Clarastrasse 12 

CH-4058 BASEL 

Tel: (61) 33-59-20 

A 


Hewlett-Packard (Schweiz) AG 
7, rue du Bois-du-Lan 

Case Postale 365 

CH-1217 MEYRIN 2 

Tel: (0041) 22-83-11-11 
Telex:27333 HPAG CH 
CH,CM,CS 

Hewlett-Packard (Schweiz) AG 
Allmend 2 

CH-8967 WIDEN 

Tel: (0041) 57 3121 11 
Telex: 53933 hpag ch 

Cable: HPAG CH 
A,CH,CM,CS,E,MS,P 


SYRIA 

General Electronic Inc. 

Nuri Basha Ahnaf Ebn Kays Street 
P.0. Box 5781 

DAMASCUS 

Tel: 33-24-87 

Telex: 411 215 

Cable: ELECTROBOR DAMASCUS 
E 


Middle East Electronics 
P.0.Box 2308 

Abu Rumnaneh 
DAMASCUS 

Tel: 33 4.5 92 

Telex: 411 304 

M 


TAIWAN 

Hewlett-Packard Far East Ltd. 
Kaohsiung Office 

2/F 68-2, Chung Cheng 3rd Road 
KAOHSIUNG 

Tel: (07) 241-2318 

CH,CS,E 

Hewlett-Packard Far East Ltd. 
Taiwan Branch 

8th Floor 

337 Fu Hsing North Road 
TAIPEI 

Tel: (02) 712-0404 

Telex: 24439 HEWPACK 
Cable:HEWPACK Taipei 
A,CH,CM,CS,E,M,P 

Ing Lih Trading Co. 

3rd Floor, 7 Jen-Ai Road, Sec. 2 
TAIPEI! 100 

Tel: (02) 3948191 

Cable: INGLIH TAIPEI 

A 


THAILAND 

Unimesa 

30 Patpong Ave., Suriwong 
BANGKOK 5 

Tel: 235-5727 

Telex: 84439 Simonco TH 
Cable: UNIMESA Bangkok 
A,CH,CS,E,M 

Bangkok Business Equipment Ltd. 
5/5-6 Dejo Road 

BANGKOK 

Tel: 234-8670, 234-867 1 
Telex: 87669-BEQUIPT TH 
Cable: BUSIQUIPT Bangkok 
P 


TRINIDAD & TOBAGO 
Caribbean Telecoms Ltd. 
50/A Jerningham Avenue 

P.0. Box 732 

PORT-OF-SPAIN 

Tel: 62-44213, 62-44214 
Telex: 235,272 HUGCO WG 
CM,E,M,P 


TUNISIA 

Tunisie Electronique 

31 Avenue de /a Liberte 
TUNIS 

Tel: 280-144 

EP 

Corema 

1 ter. Av. de Carthage 
TUNIS 

Tel: 253-821 

Telex: 12319 CABAM TN 
M 


TURKEY 

Teknim Company Ltd. 
Iran Caddesi No. 7 
Kavaklidere, ANKARA 
Tel: 275800 

Telex: 42155 TKNM TR 
E 


E.M.A. 

Medina Eldem Sokak No.4 1/6 
Yuksel Caddesi 

ANKARA 

Tel: 175 622 

Telex: 42 591 

M 


UNITED ARAB EMIRATES 
Emitac Ltd. 

P.O. Box 2711 

ABU DHABI 

Tel: 82 04 19-20 

Cable: EMITAC ABUDHABI 


Emitac Ltd. 

P.O. Box 1641 
SHARJAH 

Tel: 591 187 

Telex: 68136 Emitac Sh 
CH,CS,E,M,P 


UNITED KINGDOM 


GREAT BRITAIN 
Hewlett-Packard Ltd. 
Trafalgar House 
Navigation Road 
ALTRINCHAM 

Cheshire WA14 1NU 

Tel: 061 928 6422 

Telex: 668068 
A,CH,CS,E,M,MS,P 
Hewlett-Packard Ltd. 
Elstree House, Elstree Way 
BOREHAMWOOD, Herts WD6 1SG 
Tel: 01 207 5000 

Telex: 89527 16 
E,CH,CS,P 
Hewlett-Packard Ltd. 
Oakfield House, Oakfield Grove 
Clifton BRISTOL, Avon BS8 2BN 
Tel: 0272 736806 

Telex: 444302 

CH,CS,E,P 
Hewlett-Packard Ltd. 
Bridewell House 

Bridewell Place 

LONDON EC4V 6BS 

Tel: 01 583 6565 

Telex: 298163 

CH,CS,P 

Hewlett-Packard Ltd. 
Fourier House 

257-263 High Street 
LONDON COLNEY 

Herts. AL2 1HA, St. Albans 
Tel: 0727 24400 

Telex: 1-89527 16 

CH,CS 

Hewlett-Packard Ltd. 
Pontefract Road 
NORMANTON, West Yorkshire WF6 1RN 
Tel: 0924 895566 

Telex: 557355 

CH,CS,P 

Hewlett-Packard Ltd. 

The Quadrangle 

106-118 Station Road 
REDHILL, Surrey RH1 1PS 
Tel: 0737 68655 

Telex: 947234 

CH,CS,E,P 


SALES & SUPPORT OFFICES 


Arranged alphabetically by country O 


GREAT BRITAIN (Cont’d) 
Hewlett-Packard Ltd. 
Avon House 


Hewlett-Packard Co. 
2424 East Aragon Road 
TUCSON, AZ 85706 


Connecticut Kansas 
Hewlett-Packard Co. Hewlett-Packard Co. 
47 Barnes Industrial Road South 7804 East Funston Road, #203 


435 Stratford Road 


Shirley, SOLIHULL, West Midlands 


B90 4BL 

Tel: 021 745 8800 
Telex: 339105 
CH,CS,E,P 
Hewlett-Packard Ltd. 
West End House 

41 High Street, West End 
SOUTHAMPTON 
Hampshire S03 3DQ 
Tel: 04218 6767 
Telex: 477138 
CH,CS,P 
Hewlett-Packard Ltd. 
Eskdale Rd. 

Winnersh, WOKINGHAM 
Berkshire RG11 5DZ 
Tel: 0734 696622 
Telex: 848884 

E 


Hewlett-Packard Ltd. 
King Street Lane 
Winnersh, WOKINGHAM 
Berkshire RG11 5AR 
Tel: 0734 784774 
Telex: 847178 
A,CH,CS,E,M,MP,P 
Hewlett-Packard Ltd. 
Nine Mile Ride 
Easthampstead, WOKINGHAM 
Berkshire, 3RG11 3LL 
Tel: 0344 773100 
Telex: 848805 
CH,CS,E,P 


IRELAND 


NORTHERN IRELAND 
Hewlett-Packard Ltd. 
Cardiac Services Building 
95A Finaghy Road South 
BELFAST BT 10 OBY 

Tel: 0232 625-566 

Telex: 747626 

CH,CS 


SCOTLAND 
Hewlett-Packard Ltd. 
SOUTH QUEENSFERRY 
West Lothian, EH30 9TG 
Tel: 031 331 1188 
Telex: 72682 
CH,CM,CS,E,M,P 


UNITED STATES 


Alabama 
Hewlett-Packard Co. 


700 Century Park South, Suite 128 


BIRMINGHAM, AL 35226 
Tel: (205) 822-6802 
A,CH,M 
Hewlett-Packard Co. 
420 Wynn Drive 
HUNTSVILLE, AL 35805 
P.O. Box 7700 
HUNTSVILLE, AL 35807 
Tel: (205) 830-2000 
CH,CM,CS,E,M* 


‘Arizona 


Hewlett-Packard Co. 

8080 Pointe Parkway West 
PHOENIX, AZ 85044 

Tel: (602) 273-8000 
A,CH,CM,CS,E,MS 


Tel: (602) 889-4631 
CH,E,MS* * 


California 
Hewlett-Packard Co. 
99 South Hill Dr. 
BRISBANE, CA 94005 
Tel: (415) 330-2500 
CH,CS 


Hewlett-Packard Co. 
P.O. Box 7830 (93747) 
5060 E. Clinton Avenue, Suite 102 
FRESNO, CA 93727 

Tel: (209) 252-9652 
CH,CS,MS 
Hewlett-Packard Co. 
P.0. Box 4230 

1430 East Orangethorpe 
FULLERTON, CA 92631 
Tel: (714) 870-1000 
CH,CM,CS,E,MP 
Hewlett-Packard Co. 
320 S. Kellogg, Suite B 
GOLETA, CA 93117 

Tel: (805) 967-3405 

CH 


Hewlett-Packard Co. 
5400 W. Rosecrans Boulevard 
LAWNDALE, CA 90260 
P.O. Box 92105 

LOS ANGELES, CA 90009 
Tel: (213) 970-7500 
Telex: 910-325-6608 
CH,CM,CS,MP 
Hewlett-Packard Co. 
3155 Porter Oaks Drive 
PALO ALTO, CA 94304 
Tel: (415) 857-8000 
CH,CS,E 
Hewlett-Packard Co. 
4244 So. Market Court, Suite A 
P.O. Box 15976 
SACRAMENTO, CA 95852 
Tel: (916) 929-7222 
A*,CH,CS,E,MS 
Hewlett-Packard Co. 
9606 Aero Drive 

P.0. Box 23333 

SAN DIEGO, CA 92139 
Tel: (619) 279-3200 
CH,CM,CS,E,MP 
Hewlett-Packard Co. 
2305 Camino Ramon “C” 
SAN RAMON, CA 94583 
Tel: (415) 838-5900 
CH,CS 

Hewlett-Packard Co. 
3005 Scott Boulevard 
SANTA CLARA, CA 95050 
Tel: (408) 988-7000 
Telex: 910-338-0586 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
5703 Corsa Avenue 
WESTLAKE VILLAGE, CA 91362 
Tel: (213) 706-6800 
E*,CH* ,CS* 

Colorado 
Hewlett-Packard Co. 

24 Inverness Place, East 
ENGLEWOOD, CO 80112 
Tel: (303) 649-5000 
A,CH,CM,CS,E,MS 


P.O. Box 5007 
WALLINGFORD, CT 06492 
Tel: (203) 265-7801 
A,CH,CM,CS,E,MS 


Florida 
Hewlett-Packard Co. 
2901 N.W. 62nd Street 
P.O. Box 24210 

FORT LAUDERDALE, FL 33307 
Tel: (305) 973-2600 
CH,CS,E,MP 
Hewlett-Packard Co. 
6177 Lake Ellenor Drive 
P.O. Box 13910 
ORLANDO, FL 32859 
Tel: (305) 859-2900 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 


5750B N. Hoover Blvd., Suite 123 


P.O. Box 15200 
TAMPA, FL 33614 
Tel: (813) 884-3282 
A*,CH,CM,CS,E*,M* 


Georgia 
Hewlett-Packard Co. 
2000 South Park Place 
P.O. Box 105005 
ATLANTA, GA 30348 
Tel: (404) 955-1500 
Telex: 810-766-4890 
A,CH,CM,CS,E,MP 


Hawaii 

Hewlett-Packard Co. 
Kawaiahao Plaza, Suite 190 
567 South King Street 
HONOLULU, HI 96813 

Tel: (808) 526-1555 
A,CH,E,MS 


Iinois 

Hewlett-Packard Co. 

304 Eldorado Road 

P.O. Box 1607 
BLOOMINGTON, IL 61701 
Tel: (309) 662-9411 
CH,MS* * 

Hewlett-Packard Co. 

1100 31st Street, Suite 100 
DOWNERS GROVE, IL 60515 
Tel: (312) 960-5760 

CH,CS 


Hewlett-Packard Co. 

5201 Tollview Drive 

ROLLING MEADOWS, IL 60008 
Tel: (312) 255-9800 

Telex: 910-687-1066 
A,CH,CM,CS,E,MP 


Indiana 

Hewlett-Packard Co. 

7301 No. Shadeland Avenue 
P.O. Box 50807 
INDIANAPOLIS, IN 46250 

Tel: (317) 842-1000 
A,CH,CM,CS,E,MS 


lowa 

Hewlett-Packard Co. 

1776 22nd Street, Suite 1 
WEST DES MOINES, IA 50265 
Tel: (515) 224-1435 
CH,MS* * 


WICHITA, KS 67207 
Tel: (316) 684-8491 
CH 


Kentucky 
Hewlett-Packard Co. 


10300 Linn Station Road, #100 


LOUISVILLE, KY 40223 
Tel: (502) 426-0100 
A,CH,CS,MS 


Louisiana 
Hewlett-Packard Co. 
160 James Drive East 
ST. ROSE, LA 70087 
P.O. Box 1449 
KENNER, LA 70063 
Tel: (504) 467-4100 
A,CH,CS,E,MS 


Maryland 
Hewlett-Packard Co. 
3701 Koppers Street 
BALTIMORE, MD 21227 
Tel: (301) 644-5800 
Telex: 710-862-1943 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 

2 Choke Cherry Road 
ROCKVILLE, MD 20850 
Tel: (301) 948-6370 
A,CH,CM,CS,E,MP 


Massachusetts 
Hewlett-Packard Co. 
1775 Minuteman Road 
ANDOVER, MA 01810 
Tel: (617) 682-1500 
A,C,CH,CS,CM,E,MP,P* 
Hewlett-Packard Co. 
32 Hartwell Avenue 
LEXINGTON, MA 02173 
Tel: (617) 861-8960 
CH,CS,E 


Michigan 
Hewlett-Packard Co. 
4326 Cascade Road S.E. 
GRAND RAPIDS, MI 49506 
Tel: (616) 957-1970 
CH,CS,MS 
Hewlett-Packard Co. 
1771 W. Big Beaver Road 
TROY, MI 48084 

Tel: (313) 643-6474 
CH,CS 


Minnesota 
Hewlett-Packard Co. 
2025 W. Larpenteur Ave. 
ST. PAUL, MN 55113 

Tel: (612) 644-1100 
A,CH,CM,CS,E,MP 


Missouri 
Hewlett-Packard Co. 
11131 Colorado Avenue 
KANSAS CITY, MO 64137 
Tel: (816) 763-8000 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 
13001 Hollenberg Drive 
BRIDGETON, MO 63044 
Tel: (314) 344-5100 
A,CH,CS,E,MP 


a 


SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


UNITED STATES (Cont'd) 


Nebraska 
Hewlett-Packard 

10824 Old Mill Rd., Suite 3 
OMAHA, NE 68154 

Tel: (402) 334-1813 
CM,MS 


New Jersey 
Hewlett-Packard Co. 
120 W. Century Road 
PARAMUS, NJ 07652 
Tel: (201) 265-5000 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
60 New England Av. West 
PISCATAWAY, NJ 08854 
Tel: (201) 981-1199 
A,CH,CM,CS,E 


New Mexico 
Hewlett-Packard Co. 
11300 Lomas Blvd.,N.E. 
P.O. Box 11634 
ALBUQUERQUE, NM 87112 
Tel: (505) 292-1330 
CH,CS,E,MS 


New York 
Hewlett-Packard Co. 
5 Computer Drive South 
ALBANY, NY 12205 
Tel: (518) 458-1550 
A,CH,E,MS 
Hewlett-Packard Co. 
9600 Main Street 
P.O. Box AC 
CLARENCE, NY 14031 
Tel: (716) 759-8621 
CH 


Hewlett-Packard Co. 


200 Cross Keys Office Park 


FAIRPORT, NY 14450 
Tel: (716) 223-9950 
CH,CM,CS,E,MS 
Hewlett-Packard Co. 
7641 Henry Clay Blvd. 
LIVERPOOL, NY 13088 
Tel: (315) 451-1820 
A,CH,CM,E,MS 
Hewlett-Packard Co. 

No. 1 Pennsylvania Plaza 
55th Floor 

34th Street & 8th Avenue 
MANHATTAN NY 10119 
Tel: (212) 971-0800 
CH,CS,E*,M* 
Hewlett-Packard Co. 

250 Westchester Avenue 
WHITE PLAINS, NY 10604 
Tel: (914) 684-6100 
CM,CH,CS,E 
Hewlett-Packard Co. 

3 Crossways Park West 
WOODBURY, NY 11797 
Tel: (516) 921-0300 
A,CH,CM,CS,E,MS 


North Carolina 
Hewlett-Packard Co. 
5605 Roanne Way 

P.O, Box 26500 
GREENSBORO, NC 27420 
Tel: (919) 852-1800 
A,CH,CM,CS,E,MS 


Ohio 
Hewlett-Packard Co. 
9920 Carver Road 
CINCINNATI, OH 45242 
Tel: (513) 891-9870 
CH,CS,MS 
Hewlett-Packard Co. 
16500 Sprague Road 
CLEVELAND, OH 44130 
Tel: (216) 243-7300 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 
962 Crupper Ave. 
COLUMBUS, OH 43229 
Tel: (614) 436-1041 
Eff: Nov. 25, 1983 
675 Brooksedge Blvd. 
WESTERVILLE, OH 43081 
CH,CM,CS,E* 
Hewlett-Packard Co. 
330 Progress Rd. 
DAYTON, OH 45449 
Tel: (513) 859-8202 
A,CH,CM,E*,MS 


Oklahoma 
Hewlett-Packard Co. 
304 N. Meridian, Suite A 
P.O. Box 75609 


OKLAHOMA CITY, OK 73147 


Tel: (405) 946-9499 
A*,CH,E*,MS 


Hewlett-Packard Co. 


3840 S. 103rd E. Avenue, #100 


P.O. Box 35747 
TULSA, OK 74153 
Tel: (918) 665-3300 
A**,CH,CS,M* 


Oregon 
Hewlett-Packard Co. 
9255 S. W. Pioneer Court 
P.O. Box 328 
WILSONVILLE, OR 97070 
Tel: (503) 682-8000 
A,CH,CS,E*,MS 


Pennsylvania 
Hewlett-Packard Co. 
111 Zeta Drive 
PITTSBURGH, PA 15238 
Tel: (412) 782-0400 
A,CH,CS,E,MP 
Hewlett-Packard Co. 
2750 Monroe Boulevard 
P.0. Box 713 

VALLEY FORGE, PA 19482 
Tel: (215) 666-9000 
A,CH,CM,E,M 


South Carolina 
Hewlett-Packard Co. 
Brookside Park, Suite 122 
1 Harbison Way 

P.O. Box 21708 
COLUMBIA, SC 29221 

Tel: (803) 732-0400 
CH,E,MS 

Hewlett-Packard Co. 
Koger Execuilve Center 


Chesterfield Bidg., Suite 124 


GREENVILLE, SC 20615 
Tel: (803) 297-4120 


Tennessee 
Hewlett-Packard Co. 


224 Peters Road, Suite 102 


P.0, Box 22490 
KNOXVILLE, TN 37922 
Tel: (615) 691-2371 
A*,CH,MS 


Hewlett-Packard Co. 
3070 Directors Row 
MEMPHIS, TN 38131 
Tel: (901) 346-8370 
A,CH,MS 


Texas 
Hewlett-Packard Co. 
4171 North Mesa 
Suite C-110 

EL PASO, TX 79902 
Tel: (915) 533-3555 
CH,E* ,MS** 
Hewlett-Packard Co. 
10535 Harwin Drive 
P.O. Box 42816 
HOUSTON, TX 77042 
Tel: (713) 776-6400 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
930 E. Campbell Rd. 
P.O. Box 1270 
RICHARDSON, TX 75080 
Tel: (214) 231-6101 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 


1020 Central Parkway South 


P.O. Box 32993 

SAN ANTONIO, TX 78216 
Tel: (512) 494-9336 
CH,CS,E,MS 


Utah 

Hewlett-Packard Co. 

3530 W. 2100 South 

SALT LAKE CITY, UT 84119 
Tel: (801) 974-1700 
A,CH,CS,E,MS 


Virginia 
Hewlett-Packard Co. 
4305 Cox Road 

GLEN ALLEN, VA 23060 
P.O. Box 9669 
RICHMOND, VA 23228 
Tel: (804) 747-7750 
A,CH,CS,E,MS 


Washington 
Hewlett-Packard Co. 
15815 S.E. 37th Street 
BELLEVUE, WA 98006 
Tel: (206) 643-4000 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
Suite A 

708 North Argonne Road 
SPOKANE, WA 99212 
Tel: (509) 922-7000 
CH,CS 


West Virginia 
Hewlett-Packard Co. 
4604 MacCorkle Ave. 
P.0. Box 4297 
CHARLESTON, WV 25304 
Tel: (304) 925-0492 
A,\MS 


Wisconsin 
Hewlett-Packard Co. 

150 S. Sunny Slope Road 
BROOKFIELD, WI 53005 
Tel: (414) 784-8800 
A,CH,CS,E* MP 


URUGUAY j 
Pablo Ferrando S.A.C. e |. 

Avenida Italia 2877 
Casilla de Correo 370 
MONTEVIDEO 

Tel: 80-2586 

Telex: Public Booth 901 
A,CM,E,M 


VENEZUELA 

Hewlett-Packard de Venezuela C.A. 
3RA Transversal Los Ruices Norte 
Edificio Segre 1,2 & 3 

Apartado 50933 

CARACAS 1071 

Tel: 239-4133 

Telex: 251046 HEWPACK 
A,CH,CS,E,MS,P 

Hewlett-Packard de Venezuela C.A. 
Calle-72-Entre 3H y 3Y, No. 3H-40 
Edificio Ada-Evelyn, Local B 
Apartado 2646 

4001, MARACAIBO, Estado Zulia 
Tel: (061) 80.304 

C,E* 

Hewlett-Packard de Venezuela C.A. 
Calle Vargas Rondon 

Edificio Seguros Carabobo, Piso 10 
VALENCIA 

Tel: (041) 51 385 

CH,CS,P 

Bioelectronica Medica C.A. 

Calle Buen Pastor 

Edif. Cota Mil-Piso 2 y Semi-Sotano 1 
Boleita Norte 

Apartado 50710 CARACAS 1050A 


Tel: 239 84 41 ¢}.: 
Telex: 26518 Al 
ZIMBABWE 

Field Technical Sales 

45 Kelvin Road, North 

P.B. 3458 

SALISBURY 

Tel: 705 231 

Telex: 4-122 RH 

C.E.MP 


July 1983 5952-6900 
Indicates main office 


HP distributors are printed in italics. 


